Introduction
============

This 23rd International Symposium on Infections in the Critically Ill Patient aims to review current concepts, technology and present advances in infections in critically ill patient.

Sepsis, Pulmonary Infections and their therapeutic and preventive strategies will be the topics presented by international experts who will review and update sepsis as a global international problem. New guidelines of Surviving Sepsis campaign, fluid therapy and vassopressors, a balance view between personalization and protocol treatment and new recommendations for the design of future randomized control trials are provided. The immune response and the emerging methods to personalize sepsis care including new biomarkers and immunomonitoring of patients with sepsis represent a new complementary view to treat patients with severe infections and organ failure in addition to early antibiotic and the control of source of infection.

New ways to treat pulmonary infections including the new global guidelines and the international actions against multiresistant microorganisms and the development of new antibiotics represent key factors to improve the outcome of severe infections. **Ignacio Martin-Loeches, MDAntonio Artigas, MD**St James's Hospital, Trinity Centre for Health Sciences, Dublin, IrelandCorporació Sanitaria Universitaria Parc Tauli, Autonomous University of Barcelona, Sabadell, Spain
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SESSION I. "SEPSIS: A GLOBAL PROBLEM"

 

Balancing Personalization and Protocol in Sepsis
================================================

Singer

Mervyn

University College, London, UK

**Abstract:** Outcome improvement in sepsis depends on early identification followed by appropriate and timely interventions aimed at (i) resuscitating hypoperfused organs, (ii) eradicating the underlying infectious source, (iii) providing adequate but non-injurious organ support until the affected organs recover functionality, (iv) preventing downstream complications and (v) offering adequate but non-excessive rehabilitation. How rigid we should be in dictating practice is, however, very much open to question. No specific protocol has been formally identified as life-saving in sepsis. Components of 'must-do' protocols have been abandoned when larger RCTs have failed to replicate the original studies---the trilogy of Early Goal-Directed Therapy studies being a case in point. Positive results are often derived from retrospective, heavily adjusted analyses of databases that are often biologically implausible and not borne out by prospective RCTs. A dogmatic, didactic approach to immediate antibiotics, fluid resuscitation, blood pressure targets and so forth fails to account for the individualized needs of the patient. Sepsis is not a specific disease entity but an umbrella syndrome covering a range of biological phenotypes. Therapies should thus be selected and dose-adjusted accordingly, taking into account the individual host's phenotype, underlying comorbidities, and the site and source of infection. A one-size-fits-all, brain-stem, heavily protocolized approach will suit the lowest common denominator. Surely we should seek loftier ambitions based on education, an increased depth of understanding, enhanced monitoring and diagnostics, and a personalized approach incorporating evidence and clinical expertise. This concept of EBID (evidence-based individualized decision-making) is not new; indeed, it was enshrined by none other than David Sackett, a pioneer of evidence-based medicine who railed against rigid adoption of evidence: "Clinicians who fear top down cookbooks will find the advocates of evidence -based medicine joining them at the barricades".

Do We Need New Clinical Design for RCT?
=======================================

Vincent
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Department of Intensive Care, Erasme Hospital, Université libre de Bruxelles, Brussels, Belgium

**Abstract:** The prospective randomized controlled trial (RCT) has been widely promoted as the only effective means of definitively proving the superiority of one intervention over another. However, in the intensive care unit (ICU) population, RCTs can be challenging to conduct, and results have rarely demonstrated beneficial effects of the intervention under investigation on outcomes. The main reason for this lack of success is the heterogeneous nature of the critically ill populations included in these studies. Ethical issues can also be a problem in the ICU as patients are frequently not able to give consent and surrogates may not be available in the immediate phase, which is often when interventions are most likely to be effective and randomization therefore needs to occur. As a result of these and other limitations, new clinical trial designs have been suggested including so-called adaptive designs. These provide some flexibility by allowing the investigator to adjust certain criteria after the trial has started so that the study is more likely to identify a benefit of the studied treatment without undermining the underlying integrity of the study. Such changes in design are made prospectively based on analysis of data obtained from the ongoing trial. Some adaptive designs are already widely used in RCT design, including early stopping for futility or safety. However, other approaches, including re-estimating calculated sample sizes according to results of interim analyses and eliminating certain arms of a trial if treatment is only effective in some subgroups of patients, have not been widely used. Although in theory adaptive designs, perhaps particularly response-adaptive population enrichment designs, could be useful in the ICU setting, we are still faced with problems of patient heterogeneity and need to be able to better identify patients who are likely to respond to therapies before we can start using this approach. For example, we currently have no individual biomarkers able to accurately identify patients with sepsis or how they will respond to therapy. As such, most clinical trials include all patients with sepsis regardless of their immune status, age, sex, infecting organism, comorbid status, and so on, so that some will inevitably respond to the treatment being assessed and others will not, giving an overall negative trial result. An adaptive population-enrichment design could help in this context, but what markers should be used to create patient subgroups to evaluate response? Importantly too, the statistical analyses involved in such studies are considerably more complex than in the classical RCT format. We should also make greater use of observational studies in the ICU population. These enable assessment of effects of interventions in all patients without the often restrictive inclusion and exclusion criteria of the RCT, and without waiting for informed consent, which may not even be granted. The results of such studies could help identify which patients are most likely to respond to therapies and thus inform RCT inclusion criteria so that treatments could be targeted more appropriately in a personalized, precision medicine approach to trial design.

**Suggested Reading**

1.  Bhatt, D.L.; Mehta, C. Adaptive designs for clinical trials. *N. Engl. J. Med.* **2016**, *375*, 65--74.

2.  Huskins, W.C.; Fowler, V.G., Jr.; Evans, S. Adaptive designs for clinical trials: Application to healthcare epidemiology research. *Clin. Infect. Dis.* **2017**, doi:10.1093/cid/cix907.

3.  Vincent, J.L. We should abandon randomized controlled trials in the intensive care unit. *Crit. Care Med.* **2010**, *38* (Suppl. 10), S534--S538.

4.  Ospina-Tascón, G.A.; Büchele, G.L.; Vincent, J.L. Multicenter, randomized, controlled trials evaluating mortality in intensive care: doomed to fail? *Crit. Care Med.* **2008**, *36*, 1311--1322.

5.  Vincent, J.L. Improved survival in critically ill patients: Are large RCTs more useful than personalized medicine? No. *Intensive Care Med.* **2016**, *42*, 1778--1780.

[                                       ]{.ul}
==============================================

 

SESSION II. "FLUID THERAPY AND VASSOPRESSORS: UNRESOLVED ISSUES"

 

Choice of Fluids in the ICU. The Best i.v. Fluid?
=================================================
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**Abstract:**

**Introduction**

Fluid resuscitation relieves overt tissue hypoxia. Underresuscitation contributes to aggravate oxygen deficit, and over-aggressive resuscitation with fluids has deleterious effects on patient outcome: -Development of pulmonary edema and/or abdominal compartment syndrome.-Increased incidence of acute kidney injury (AKI).-Less ventilator free days and increased ICU stay-Increased mortality

The breaking point is unclear between an adequate fluid resuscitation and an over-aggressive resuscitation leading to complications.

Although the need for the use of fluid is accepted in many patients, the choice of fluid therapy remains controversial. Cristalloids are characterized by various salt concentrations of saline solutions (mostly 0.9%, but also 0.45, 3% ...) and the balanced salt solutions (Hartmans, Ringer lactate, Plasma-Lyte, Isofundine ...). These drugs are cheap, expand the intra and extravascular fluid compartments. They improve cardiac output (CO) and end-organ perfusion.

The colloids include human albumin, gelatins, hydroxyethyl starch (HES) and dextran containing fluids. They expand fluid compartments and oncotic pressure. These drugs are expansive, may carry a risk of AKI (HES mostly) and have a risk of anaphylactoid reactions. Their superiority in ICU patients has not been demonstrated yet in terms of pulmonary oedema, resolution of organ failures, and mortality.

**Fluid Responsiveness and Success of Fluid Resuscitation**

The most common error in ICU patients is to believe that fluid resuscitation is successful when a number is reached. Never treat a number but treat a patient. The aim is to restore end-organ perfusion in a patient suspected to be fluid responsive, and to carefully weight the risk/benefit ratio of a single additional drop of fluid. Several surrogate markers of organ perfusion can be used. A combination of several (all?) should be considered. -Normal capillary refill-Increase in CO-Increase in urine flow-Increase in mean arterial-Decrease in serum lactate after 4/6 h-Normalization of central venous blood oxygen saturation (ScvO2)-Improvement of microcirculation perfusion abnormalities (to be evaluated by further studies)

The prediction of preload responsiveness is not an easy task and there is not gold-standard for that. All parameters and tests have limitation in terms of sensitivity and specificity.

Static measures can no longer be recommended. The followings do not reliably reflect the left ventricular filling pressure in shock states with pulmonary hypertension or compliance changes: Central venous pressure.Pulmonary occlusion pressure.Ventricular end-diastolic volumes.Ventricular diastolic area.Global end-diastolic volume.Intrathoracic blood volume.

Dynamic measures of fluid responsiveness are recommended instead. [Table 1](#medsci-06-00013-t001){ref-type="table"} and [Table 2](#medsci-06-00013-t002){ref-type="table"} present the parameters to use and the main limitations in their interpretations. Ultrasound are useful to reduce the time of diagnostic uncertainty and guide resuscitation. They may be used to assess volume status, ventricular strain, myocardial dysfunction. Passive leg raising test can be used to predict volume responsiveness without giving a single drop of fluid. It should be titrated against changes in CO/stroke volume rather than pulse pressure changes.

**Types of Fluids in Sepsis**

The need for fluid resuscitation is widely accepted for fluid resuscitation in septic patients, but the choice of the "best" fluid(s) is still controversial.

Crystalloids

"Normal" or "Physiological" Saline, or "Unbalanced" Saline

The 0.9% saline solution is neither normal nor physiological. The sodium concentration exceeds that of the plasma (154 mEq/L). From experimental studies it is well demonstrated that high renal tubular chloride concentration cause significant damages in renal hemodynamics. The renal blood flow is decreased in response to a renal afferent vasoconstriction. There is no such changes in correlation to sodium concentration. In case of associated hypovolemia the reduction in renal blood flow is twice as high as in euvolemic dogs. In healthy volunteers intravenous 0.9% saline led to a decrease in renal blood flow velocity and renal cortical tissue perfusion as compared to plasma-lyte 148.

Metabolic acidosis is a major complication in septic patients due to lactic acidosis. Use of 0.9% saline is associated with an additional iatrogenic hyperchloremic acidosis. The clinical importance of this acidosis in unclear.

"Balanced Crystalloids"

As compared to 0.9% saline, balanced solutions have chloride concentration more closely approximating plasma but osmolality is lower: -Lactated Ringer's: Cl---109 mEq/L, osmolality 277 mOsm/L.-Ringer's acetate: Cl---127 mEq/L, osmolality 277 mOsm/L.-Plasma-Lyte 148; Cl---93 mEq/L, osmolality 294 mOsm/L.

These drugs also contain anions such as lactate, gluconate or acetate in non-physiological concentrations. There is an increasing use of balanced solutions in ICU and septic patients. Contractory conclusions come from meta-analysis and observational studies comparing high versus low-chloride concentrations. Reduced mortality and less AKI are suggested following the use of balanced solutions, but patients are not always in septic shock or even septic. During septic shock, aggressive volume resuscitation in needed and the type of crystalloids may not influence the clinical outcome.

Two large-scale randomized controlled trials (RCT) are currently conducted. They will compare a gluconate/acetate-buffered crystalloid with 0.9% saline (The Brazilian study will include 11,000 patients and the Australian/New-Zealand study 8800 patients). The primary outcome will be all-cause mortality at 90 days. For the time being balanced solutions can be recommended, lactated-buffered fluids being cheaper and more widely available than acetate/gluconate-buffered fluids.

Colloids. HES Cannot Be Used in Critically Ill Patients, at Least in Europe and North America

Gelatins

They are considered less harmful to the renal system and coagulation factors than HESs. Currently a novel RCT is investigating the use of gelatin opposed to crystalloid administration in septic patients (NCT02715466).

Albumin

It is the main determinant of plasma oncotic pressure and has a pivotal role in the regulation of fluid dynamics at the microvascular level. In addition other properties may be relevant for septic patients: stabilization of glycocalyx, transport of molecules, antioxydant, immuno-modulating effects, positive inotropic effects ...

The SAFE trial (albumin versus 0.9% saline) was negative, but a subgroup analysis was performed in septic patients (a priori) and the adjusted odds ratio for death was 0.71 (95% CI: 0.52--0.97, *p* = 0.03) for albumin. The CRISTAL trial compared various colloids (including albumin) to crystalloids and the 90-day mortality was lower in patients receiving colloids. The ALBIOS trial was negative for the global population. However, in patients with septic shock the albumin patients had a 6.3% higher survival at 90 days (*p* = 0.04). A meta-analysis, among others, including the EARSS trial (available as an abstract) concluded that mortality was lower among patients receiving albumin, relative risk ranging from 0.87 to 0.94. Currently, albeit some date come from subgroup analysis or meta-analysis, there is indirect, but convincing evidence that albumin provides some improvement in morbidity and survival in septic shock patients.

How Much Fluid?
===============

Artigas

Antonio

Corporación Sanitaria Universitaria Parc Tauli, CIBER Enfermedades Respiratorias, Autonomous University of Barcelona, Sabadell, Spain

**Abstract:** Adequate initial fluid resuscitation of septic shock followed by a conservative late fluid management strategy has been associated with improved survival and reduced of mechanical ventilation and length of ICU stay \[1\]. CLASSIC trial restricting volumes of resuscitation fluid in adults with septic shock after initial management was associated with a lower incidence of acute kidney injury (AKI) compared with standard care providing rationale for avoiding excessive or unnecessary fluid loading \[2\]. Accordingly, a close monitoring of fluid balance in acute phases of resuscitation and following stabilization is necessary. Fluid management in critically ill patients, in particular those with established AKI, is a potentially important modifiable factor that may have important interactions with outcome \[3\]. Balakumar et al. recently demonstrated that both positive and negative fluid balance compared with even were associated with higher 1-year mortality (HR 1.16--1.22, *p* = 0.004) and no association between fluid balance and renal recovery was found \[4\]. Fluid management in patients with septic shock and acute respiratory distress syndrome (ARDS) also appears to be an important determinant of hospital mortality. Sakr et al. showed that patients with ARDS who survived achieved a net negative fluid balance compared to non-survivors. A positive mean fluid balance was also shown to be an independent predictor od ICU mortality in their investigation \[5\]. These studies examining fluid balance in septic shock and ARDS individually suggest that improvements in patient survival can be attained if patients improve to the point where optimal fluid management practices are able to be applied. Sicker patients have a greater dysregulated hosy response to infection and increase mortality, in part because the sickest patients commonly suffer the penalties for under-and-over resuscitation with organ ischemia/hypoxia and organ edema respectively, thereby increasing the risk of sepsis-related organ dysfunction \[6\]. Recently Famous et al. identified two ARDS subphenotypes by a limited number of varaibles, that responed differently to random-assigned fluid management \[7\]. These findings support the presence of subphenotypes that may require different treatment approaches. Clinical application will require real-time assigment of subphenotypes by rapid biomarkers assays. More recently, in a substudy of Sapphire trial, subphenotypes with a high risk of AKI defined by \[TIMP-2\]. \[IGFBP 7\] \>2.0 may require a different fluid replacement treatment to improve outcome. The standarization of evidence-based practices in the care of septic shock has become accepted as the optimal method for management \[8\]. A meta-analysis of nine studies, including 1001 septic patients found lower mortality (OR 0.64; 95%CI 0.43--0.96) in patients treated with an early, targeted resuscitation protocol including fluids, inotropes and vassopressors \[9\]. Waechter et al. evaluated the association between hospital mortality and administration of intraveneous fluis and vasoactive agents during the first 24 h. they found that hospital mortality was associated with timing and volume fluis and with timing vasoactive agents. The lowest mortality include large volumes of fluids given early, combined with waiting to begin vasoactive agents until the first hour after the onset of shock, indicating that early initiation of vasoconstrictive agents in septic shock may cause harm even in the presence of adequate fluid resuscitation \[10\]. Three multicenter RCTs (ProMISE, ARISE, ProCESS) \[11--13\] and PRISM meta-analysis \[14\] of early goal-directed therapy did not result in better outcomes than usual care and were associated with higher hospitalization costs, across a broad range of patients and hospital characteristics. Policies that mandates routine measurement of central venous pressure (CVP) in all patients with sepsis did not improve outcomes \[15\]. In septic shock patients, rather than following predifined therapeutic algorithms, it is more reasonable to individualize fluid resuscitation to prevent harmful of fluid overload.After the initial salvage phase, the benefit risk ratio for further fluid infusion should be carefully assessed in each patient. Thus, if CVP is not measured, what clinical metrics should be used to assess how aggressively fluid should be removed? The new Surviving Sepsis Guidelines (SSC) \[16\] and the European Society of Intensive care Medecine consensus conference \[17\] recommend the use of dynamic variables of fluid responsiveness instead CVP. A variety of dynamic variables have been proposed \[18\]: pulse pressure variation, stroke volume variation, collapsibility of the superior vena cava, distensibility of jugular vein. A tidal volume of 8 mL/Kg IBW for one minute and end-espiration occlusion test in patients with mechanical ventilation are recommended to improve the accuracy of fluid response prediction in patients with spontaneous ventilation, arrhytmias, low lung compliance and high frequency ventilation. The passive leg raising test wich is usable in almost all the situations, is a reliable predictor of fluid responsiveness \[19\]. The current SSC guidelines recommend infusing at least 30 mL/Kg of i.v. crystalloids within the first three hours of resuscitation. The major concern of this recommendation is the arbritary volume and the unreasonably long-time frame of three hours before reassessing the hemodynamic status after fluid resusciation. A rate of 10 mL/Kg over the first hour of resuscitation seems to be more reasonable. In patients with ARDS the benefit-risk ratio of continuing fluid therapy should be carefully assessed by measurement of extravascular lung water (EVLW) and pulmonary vascular permeability index (PVPI) by transpulmonary thermodilution technique wich are independent predictors of severity and mortality in ARDS patients \[20\].

**Conclusions**

Individualize fluid resuscitation to prevent harmful fluid overload after the initial salvage phase is necessary particularly in septic shock patients with ARDS and AKI.
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Vasopressors in Sepsis: When to Start, When to Stop?
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**Introduction**

The prognosis of septic shock is tightly linked to the earliness of both antibiotic therapy and hemodynamic management, including administration of fluids and of vasopressors in order to target a mean arterial pressure (MAP) of at least 65 mmHg \[1\]. The early use of vasopressors---in practice norepinephrine---is one of the emerging concepts in hemodynamic management of septic shock.

**The Following Arguments Support the Early Use of Norepinephrine in Patients with Septic Shock**

-   The duration and the degree of hypotension are associated with increased mortality.

The area of MAP under 65 mmHg during the first 48 h of resuscitation was shown to be the best predictor of 30-Day mortality in human septic shock \[2\]. This was one of the major arguments upon which the recommendations of the Surviving Sepsis Campaign (SSC) in terms of initial MAP target were based \[1\].

-   Delayed initiation of norepinephrine is associated with increased mortality.

Fluid infusion alone cannot restore vascular tone, when it is severely depressed. In a multivariate logistic regression analysis, the time from the onset of resuscitation to norepinephrine initiation was shown to be an independent determinant of 28-Day mortality in septic shock \[3\].

-   Early administration of norepinephrine increases cardiac output.

Norepinephrine increases the systemic venous return pressure gradient and the right atrial pressure \[4\]. When the patient is preload responsive, as is it the case in the early phase of sepsis, the increase in preload with norepinephrine increases cardiac output \[5\].

-   Early administration of norepinephrine in severely hypotensive patients improves microcirculation.

In septic shock patients, early restoration of a MAP \>65 mmHg with norepinephrine resulted in a significant increase in tissue oxygen saturation (StO~2~) measured at the thenar eminence using near-infra-red spectroscopy and in the StO~2~ recovery slope \[6\], which reflects the capacity of microvessels to be recruited in response to local hypoxia, and which is an important prognostic factor in septic shock patients \[7\].

-   Early administration of norepinephrine prevents harmful fluid overload.

In a retrospective study \[3\], patients in whom norepinephrine was initiated within the first two hours of resuscitation received less fluids than patients with delayed initiated. This result also supports the early use of norepinephrine as it is well established that a positive fluid balance is an independent factor of mortality in septic shock \[8\].

A simple way to identify patients who early need norepinephrine, is to consider the diastolic arterial pressure (DAP), which mainly depends on vascular tone. An abnormally low DAP, especially in cases of tachycardia, is an indication to start norepinephrine urgently.

**What Is the Optimal Target?**

Current resuscitation guidelines in septic shock recommend to initially achieve and maintain MAP ≥65 mmHg, to avoid additional organ hypoperfusion \[1\]. A study investigating the effects on sublingual microcirculation of increasing doses of norepinephrine to target different MAP targets (65, 75 and 85 mmHg) in septic shock \[9\], showed a highly variable response confirming that individualized management is mandatory in septic shock. A multicenter randomized trial compared two MAP targets in patients with septic shock: 65--70 mmHg and 80--85 mmHg \[10\]. There was no differences between the two groups in 28-day mortality and in the rate of serious adverse events (SAEs) \[10\]. In the predefined stratum of patients with chronic hypertension, those with a MAP target of 80--85 mmHg exhibited a more pronounced improvement in kidney function and fewer requirements for renal replacement therapy \[10\]. This study thus suggests that in patients with chronic hypertension, targeting MAP between 80--85 mmHg is reasonable. A MAP target higher than 65 mmHg should also be considered in cases of high central venous pressure, which reflects a high outflow venous pressure within organs. Indeed, in such cases, it could be important to increase the MAP to maintain an adequate driving pressure for organ perfusion. Similarly, an increased intra-abdominal pressure can represent the outflow pressure of abdominal organs, necessitating then a higher than normal MAP to preserve their adequate perfusion unless reduction of the intra-abdominal pressure is feasible.

In all cases, achieving any specific target MAP does not guarantee successful correction of peripheral hypoperfusion since some dissociation between the macro- and the microcirculations is assumed to exist in sepsis \[11\]. It is likely that better markers of peripheral perfusion and/or microcirculation than MAP should be used in the future to individually titrate vasopressors.

**What to Do in Cases of Refractory Hypotension?**

Hypotension is often qualified as refractory to norepinephrine when rapidly increasing doses of norepinephrine fail to reach the MAP target, although no specific maximal dose of has been defined. The SSC recommends adding vasopressin to norepinephrine with the intent to reduce norepinephrine dosage or to raise MAP in case of refractory hypotension \[1\]. In septic shock, adding exogenous vasopressin was shown to increase MAP while reducing norepinephrine requirements in patients already receiving norepinephrine \[12\]. However, this strategy did not reduce mortality as compared with norepinephrine alone in this multi-center randomized trial \[12\]. The alternative option, which is to further increase the norepinephrine dose, is a matter of debate \[13\]. It is likely that in the future, identification of risks of development of SAEs using genotype markers will help clinicians to make the decision of either continuing norepinephrine or adding vasopressin or another vasopressor \[14\]. In the future, optimal vasopressor therapy could be a combination of multiple agents acting on different receptors with the intent to minimize doses of each agent and to increase safety \[15\]. Finally, the SSC suggests use of intravenous hydrocortisone if fluid and norepinephrine fail to restore hemodynamic stability, although no precise information about the most appropriate time of hydrocortisone initiation has been provided \[1\].

**Conclusions**

Norepinephrine should be initiated early during sepsis when a low DAP identifies a severely depressed vascular tone. A MAP target of at least 65 mmHg is recommended but in some conditions such as chronic hypertension a higher MAP target can be considered. Although addition of vasopressin to norepinephrine is recommended in cases of refractory hypotension, this is still a matter of debate.
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**Abstract:** The vascular endothelium is a major target of sepsis-induced events and endothelial cell damage accounts for much of the pathology of septic shock \[1\]. Endothelial cells are a highly metabolically active monocell layer that is constantly sensing alterations in the local extracellular environment such as transient bacteremia, minor trauma or other common daily stresses \[2\]. A common feature in patients with sepsis is progressive subcutaneous and body cavity oedema typically caused by permeabilization of the vascular endothelial cell monolayer. In addition, hyper and disseminated intravascular coagulation is also observed in sepsis patients leading to occlusion of microvessels by circulating thrombi \[2\]. The coordinated progression of increased vascular permeability and together with the dysregulated hypercoagulation leads to multiple organ failure in patients with sepsis. Vascular permeability leading to accumulation of parenchymal and interstitial fluid can potentially impair organ function by increasing the distance required for the diffusion of oxygen and by compromising micro vascular perfusion because of increased interstitial pressure \[3\]. Indeed reduction in oedema is a well-recognised feature of recovery from sepsis. Circulating thrombi as a result of platelet-bacterial interactions leading to occlusion of a blood vessel has been well established. As a first line of defence, endothelial cells recognise invading bacteria through specific proteinprotein interactions. These interactions result in the release of many endotheliumderived mediators critical for the recruitment of leukocytes and inflammation, responses consistent with the clinical signs of sepsis. The inflammatory response plays a key role in the sepsis phenotype and an excessive or sustained inflammatory response contributes to the tissue damage and death \[4\]. Currently, there are no approved drugs on the market to control the underlying pathophysiology that triggers the uncontrolled host response to sepsis. Therefore the current principles of sepsis management remains to optimise organ perfusion with intravenous fluids (vasopressors if required), support dysfunctional organ systems (e.g., ventilation) and mitigate the immediate threat of uncontrolled infection with antibiotic therapy and source control. Despite significant advances in our understanding of the pathophysiology of the host response to sepsis, targeted therapies to disrupt the aberrant host-pathogen interaction are lacking. This paper will discuss the value of specifically targeting the vascular endothelium and will discuss a potential novel drug target that could be used to treat the vascular injury in sepsis. A major limitation in our current understanding of how bacteria interact with endothelial cells is that almost all previous in vitro studies on endothelial cells have been carried out using cells grown under static conditions in a 2D environment. Data obtained using statically grown endothelial cells may not be physiologically relevant as in the circulation they are subjected to a fluid dynamic environment which determines cellular morphology and function. To address this we developed a clinically relevant real time epifluorescent shear based 2D model of sepsis where monolayers of Human Endothelial Cells were exposed to shear stress at levels experienced in the human circulation \[5\]. To further validate our findings we fabricated a 3D microvessel containing human endothelial cells exposed to physiological shear rates experienced in the vasculature. Using these models we demonstrated that endothelial cells grown under static conditions do not stick together to form a tight barrier but rather exhibit a random pattern of growth not characteristic of a functional blood vessel found in the human circulation. In contrast, human endothelial cells sheared at physiological rates experienced in the vasculature, stick together and form cell-cell contacts characteristic of a functional tight barrier found in blood vessels in humans. Most importantly we found that both *S. aureus* and *E. coli* bind to sheared human endothelial cells much better than to statically grown cells. These results suggest that shearing the endothelial cells is critical in order to investigate the molecular mechanisms that lead to bacterial binding. Using these models we identified the molecular mechanisms that both *S. aureus* and *E. coli* use to trigger endothelial cell dysfunction such as loss of barrier function and apoptosis which leads to vascular leak \[5\]. Strikingly, our studies demonstrate that under shear based conditions both *S. aureus* and *E. coli* bind to the same major endothelial cell receptor, suggestive of a common mechanism through which bacteria induce endothelial dysfunction. Blocking the endothelial cell receptor either before the infection or post infection prevents the injurious effect of bacteria on the human endothelial cells \[6\]. Finally to translate our findings and investigate if blocking bacterial interaction with the endothelium might serve as a potential novel approach to treating sepsis early we used mouse and rat models of sepsis \[5\]. Consistent with our results above blocking the endothelial cell receptor in vivo prevents bacterial attachment and therefore prevents all downstream injurious effects, such as loss of barrier integrity, on the endothelium that is associated with the infection. The implications of these findings are important as preventing bacteria from binding to the endothelium, either pre-emptively or therapeutically, could slow or reduce the progression of sepsis to multi-organ failure and death.
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The Host Response in Sepsis Patients Developing ICU Acquired Secondary Infections
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**Abstract:** Sepsis represents the life-threatening inflammatory response to infection and is the leading cause of death in non-coronary intensive care units (ICU). Thanks to early infection control and advanced life support, a majority of patients now survive the first days of multiple organ failure, but then become exposed to ICU-acquired bacterial and fungal infections, as well as viral reactivation of *Herpes simplex virus* and cytomegalovirus \[1--4\]. This wide range of infections suggests a complex immunosuppressive response, and septic patients indeed exhibit multiple quantitative and functional defects affecting both innate and adaptive components of immunity \[5\] \[6\]. Most immune defects have been linked to relevant endpoints in critically ill patients, such as mortality and the development of ICU-acquired infections. The deactivation of monocytes, characterized by a decreased expression of the antigen presentation apparel and a blunted cytokine production in response to ex vivo challenge with LPS, is a hallmark of post-aggressive immunosuppression. A low expression of HLA-DR on monocytes sustains an increased susceptibility to ICU-acquired infections and is currently considered as the most potent biomarker in the field \[7\]. More recently, whole-genome transcriptomic assays have added a new layer of complexity in the comprehension of immune regulation in septic critically ill patients, and convey the emerging concept of immune reprogramming \[1,8\]. However, a reliable assessment of the impact of sepsis-induced immunosuppression on the susceptibility and response to ICU-acquired infections in critically ill patients is limited by multiple confounding factors. In addition, most immune investigations in humans are restricted to circulating leukocytes, with limited access to organ immune cells. Relevant double-hit experimental animal models have been developed in order to overcome this caveat. The high susceptibility of post-septic animals to secondary infectious insults such as *Pseudomonas aeruginosa* pneumonia provides a definite proof-of-concept of sepsis-induced immunosuppression \[9\]. Furthermore, these models allow an accurate assessment of defective lung defense in post-septic animals and thereby represent irreplaceable tools to address the regulatory cellular and molecular mechanisms \[10\]. Beyond the classical sepsis-related overwhelming inflammatory response, clinical and experimental data have allowed defining the paradigm of sepsis-induced immunosuppression that conveys the clinical course of sepsis in the current era. The development of immune biomarkers may help at stratifying the risk of infections in the critically ill and identifying the patients likely to benefit from immune-enhancing targeted therapies under current evaluation in this indication.
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**Abstract:** The new definition of sepsis as a life-threatening organ dysfunction caused by a dysregulated host response to infection clearly focused on the pivotal role of the immune response in the pathobiology of this condition \[1\]. Despite an important step forward, the new definitions and classification did not solve the issue of high heterogeneity in sepsis population. For instance, referring to host response, septic patients may display different inflammatory and immune phenotypes as a function of the load and virulence of micro-organisms, site of infection, individual differences in immune system related to genetic heterogeneity and/or preexisting disease, time from sepsis occurrence and treatments provided. For instance, in some cases a disproportionate inflammatory-immune hyperactivity may rapidly lead to organ dysfunction and early death by the so called "cytokine storm". On the other hand, in some cases we can observe a state of immune-paralysis characterized by a blunted response to pathogens due to cell anergy and apoptosis responsible for secondary infections, mostly by opportunistic agents, and viral reactivations leading to long term deaths \[2,3\]. The two described pathophysiological phenotypes may also explain the biphasic curve observed in the timing of death of septic patients \[2,3\] with early deaths---i.e., within 72 h---related to an excessive hyperinflammatory response and late deaths---i.e., after two-three weeks---attributed to exhaustion of immune response \[4\]. Indeed, these phenotypes are just an oversimplification because numerous studies demonstrated the coexistence of both pro and anti-inflammatory responses during sepsis with different entities and time profiles \[5\]. In the last years, the population ageing with multiple co-existing diseases and immune-senescence \[6\], the extended treatment of neoplastic diseases by aggressive surgery and chemotherapy, and the increased use immunosuppressive drugs led to growing number of patients showing an immune-paralysis pattern at the beginning of sepsis. In this condition, sepsis management is often complicated because of recurrent and/or breakthrough infections requiring prolonged use of antibiotics with selection of multi drug resistant pathogens \[7,8\]. Identification of immune-dysfunction and, then, use of specific adjunctive therapies aimed to support the immune-system may be the keys for improving the survival rate of this specific population. In sepsis, numerous mechanisms may cause dysfunction of the immune system which can last up to six months before recovery. An altered expression of costimulatory receptors on antigen presenting cells and dysfunction of the monocyte-macrophage system with a reduction in HLA-DR expression \[9--12\] have been frequently observed in septic patients. An increase in apoptosis has been also described for both innate and adaptive immune cells associated with a suppression of specific immunity and the increase of regulatory T cells which exert an immunosuppressive function \[13,14\]. Another important mechanism of immune-paralysis is the alteration in cytokine synthesis with an imbalanced production of anti-inflammatory molecules disturbing several functions of leukocytes subpopulations. Several biomarkers have been identified both in animal models and patients to evaluate presence, magnitude and mechanisms of immune-dysfunction during sepsis. Unfortunately, many of these biomarkers are unusable in clinical practice, especially those measuring lymphocytes function which need long turn-around time, high expertise and significant budget \[15,16\]. Nevertheless, today some easy to measure biomarker is available to define the immune phenotype of the patient at the bed side. HLA-DR expression on monocytes is broadly used to test innate immunity and reduced levels of HLA-DR are predictive of adverse outcome and septic complication after trauma, surgery, pancreatitis, burn and septic shock \[17,18\].Lymphocytes count is related to adaptive immune-response. Persistent lymphopenia during sepsis is associated to high risk of secondary infections and mortality \[19\].Neutrophils to lymphocyte ratio (NLR). In patients with septic shock, low NRL values at admission are associated with a higher risk of early death whereas high NRL values during sepsis course are related to late death, probably because of decrease or not recovery in lymphocyte count \[20\].Immunoglobulins (Ig) plasma concentration levels are predictive for outcome both at sepsis onset and during sepsis course and, therefore, may be used for assessing immune-status during sepsis \[21\].Viral reactivations and infections by opportunistic micro-organisms. IN septic patients CMV, EBV and HSV1 reactivation is frequently (up to 60% of the patients) and it is associated with an higher risk of secondary infections and late mortality \[22,23\]. Similarly, infections by opportunistic bacteria and fungi are frequently favored by impairment of the innate and adaptive immunity \[24\].

Although generic and non-specific for single mechanism and function, the bio-markers proposed patients seems to be feasible and useful for assessing and monitoring the immune phenotype of septic patients. The central role and the frequent dysfunction of the immune response in sepsis led to develop and test different immunomodulatory strategies in the last decades. Colony stimulating factors, cytokines (e.g., INF-γ, IL-3, IL-7, IL-15), immunoglobulins with their pleiotropic effects on different compartments of the immune system and blood purification have been proposed as adjunctive immune therapies \[25,26\]. Promising results have been also recently obtained in animal models by use of monoclonal antibodies directed to PD-1/PD-L1 pathway and to CTLA-4 \[27,28\] and specific clinical trials are underway. Unfortunately, up to now we have not clear data on which is the patient who could benefit from the use of these therapies that are frequently used as compassionate and last ditch. Nevertheless, in the near future the ongoing clinical trials will provide data for the appropriate use of immunomodulatory therapies in septic population. In the mean time, we believe that immune system should be considered a pivotal 'organ' in sepsis and, then, its dysfunction should be assessed regularly in patients with sepsis and septic shock by easy parameters (e.g., lymphocytes count, immunoglobulins plasma concentration) as reccomended for other organs by SOFA score.
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**Abstract:** The upper respiratory tract and lungs, like other mucosal surfaces, are constantly exposed to infectious agents. Indeed respiratory tract infections are a major cause of morbidity and mortality in humans, and accounted for 3.2 million deaths (7% of all deaths) globally in 2015. Furthermore, lower respiratory tract infections are still the leading cause of death in low income countries. Even vaccine-preventable respiratory infectious diseases like whooping cough (pertussis) still account for around 200,000 deaths annually, mostly in young infants. Studies in animal models of pertussis infection and in children with whooping cough have provided evidence that the innate and adaptive immune systems play critical roles in control of infection of the respiratory tract with *Bordetella pertussis* \[1\]. The innate immune system, including tissue resident macrophages and lung infiltrating neutrophils, natural killer (NK) cells, γδ T cells and anti-microbial peptides provide the first line of defense and in most individuals help to control the infection before adaptive immune responses promote pathogen clearance. However, very young infants can develop severe pertussis-related disease, with leukocytosis, pulmonary hypertension and pneumonia, which despite macrolide antibiotic treatment, can result in death. Studies in mouse models have shown that infection with *B. pertussis* is associated with rapid (2 h) production of inflammatory cytokines and chemokines in the lungs, including IL-1β, TNF, MIP-1α, and MIP-2α, typically produced by innate immune cells including macrophages and dendritic cells (DCs) in response to LPS and other pathogen-associated molecular patterns (PAMPs) produced by the bacteria \[2\]. Furthermore, γδ T cells, a small population of T cells that are prevalent at mucosal surfaces, are recruited to the lungs within a few hours of infection with *B. pertussis.* These 'innate' γδ T cells secrete early IL-17 without TCR activation. A second wave of γδ T cells that are antigen-specific are expanded in the lung 7--14 days after challenge, and these cells, together with Th17 cells produce further IL-17, which helps to recruit neutrophils \[3\]. IFN-γ-secreting NK cells are also recruited to the lungs during infection with *B. pertussis* and play a role in macrophage activation and in addition direct the induction of antigen-specific Th1 cells \[4\]. Complete clearance of the bacteria and prevention of re-infection is dependent on antigen-specific CD4 Th1 and Th17 cells. Furthermore, *B. pertussis*-specific Th1 cells have been found in the circulation of infants with or convalescing from whooping cough \[5\]. The severity and persistence of infection with *B. pertussis* is in part a reflection of the immune subversion strategies evolved by the pathogen. *B. pertussis* secretes a range of toxins and other virulence factors that either directly suppress the function of macrophages and neutrophils or promote the induction of regulatory macrophages/DCs and regulatory T (Treg) cells that suppress protective Th1 and Th17 responses \[6\]. Interestingly these Treg cells also play a protective role during acute infection by limiting infection-induced immunopathology. LPS activation of TLR4, together with other bacterial virulence factors, including filamentous hemagglutinin and adenylate cyclase toxin promote IL-10 production from macrophages and DCs, which controls lung pathology during *B. pertussis* infection \[7\]. Therefore optimum protective immunity against lung infection is dependent on a balance between effector and regulatory responses, allowing clearance of infection while limiting collateral damage through infection-induced immunopathology. Prevention of re-infection with *B. pertussis* and optimum vaccine-induced adaptive immunity is mediated by induction of memory T and B cells. Recent evidence has suggested that tissue-resident memory T (T~RM~) cells, memory T cells that reside in tissues without recirculating provide a first line of defence against reinfection. We have recently demonstrated that CD69^+^CD103^+^ CD4 T~RM~ cells accumulate in the lungs of mice during infection with *B. pertussis* and significantly expand through local proliferation following reinfection \[8\]. These *B. pertussis*-specific CD4 T~RM~ cells secrete IL-17 or IL-17 and IFN-γ and mediate protection against re-infection with *B. pertussis.* We also demonstrated that pathogen-specific and tissue-resident γδ T cells expand in the lungs following reinfection and play a role in adaptive immunity to *B. pertussis* \[3\]. Although these T~RM~ cells are antigen-specific, evidence is emerging that they may be activated by cytokines without TCR activation, suggesting that they behave like innate cells and that the maintenance of memory may be possible in the absence of specific antigen re-stimulation. Collectively the findings suggests co-operation and convergence of the innate and adaptive immune responses in the control of infection at mucosal surfaces such as the respiratory tract.
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**Abstract:** Sepsis is a complex systemic inflammatory reaction to an infection. Infection initiates cytokine release, leading to a global inflammatory cascade \[1\]. Although current knowledge suggests that the primary driver of mortality in septic shock is the systemic inflammatory response, the trigger of this response is uncontrolled infection arising from a specific anatomic source. Leligdowicz et al. \[2\] concluded in a large study of patients with septic shock that the anatomic source of infection is associated with hospital mortality in crude analysis and after adjustment for non-modifiable and modifiable factors. According to Laffey et al. \[3\], non-modifiable factors are those associated with demographic (age, sex) and risk factors (CHARLSON, community vs. hospital acquired infection, organism type) factors. While modifiable factors include illness severity (APACHE-II, SOFA), management (appropriate antibiotic treatment, source control) and ICU organizational factors (number of beds). Considering this, it is reasonable to think that the anatomical source of infection will determine certain clinical characteristics in patients that may be involved in an increased hospital mortality. In this large study, hospital mortality is highest for patients who have intraabdominal infections followed by ischemic bowel and disseminated infections and lowest for those who have obstructive uropathy--associated urinary tract infections. Adjustment for some downstream factors does not explain residual variation after adjustment for predisposing factors. This suggests that even if interventions directly targeting these factors reduced mortality, heterogeneity in mortality across anatomic sources of infection would remain. Related studies have examined the role of the anatomic source in outcomes from severe sepsis \[4--6\] and have found that urosepsis has a more favorable prognosis, whereas abdominal sources have a worse prognosis. Although respiratory infections are more common, abdominal infections may be more severe. Volakli et al. \[7,8\] describe that while patients with abdominal infections have early renal and coagulation failure, patients with respiratory infections more commonly have early alteration in neurological function. The study also states that the length of hospital stay in patients with abdominal infection is longer, likely because of the increased number of secondary infections in these patients. In contrast, He et al. \[9\] defends that patients with pulmonary-sepsis were more prone to fungal infection, acute renal failure requiring continuous renal replacement therapy, prolonged mechanical ventilation, and a longer ICU and hospital stay. According to Bagshaw \[10\] urinary tract infections are a common complication of critical illness that are associated with increased patient morbidity but not with mortality. Septic shock mortality from urinary sources is reported to be lower than 10% to 20%. This rate is consistently lower than the 30% to 40% mortality reported for other common sources of septic shock \[11,12\]. Urinary tract infections have a better outcome than infections from other sources, as studies have shown \[2,7,11\]. The anatomic structure of the bladder and the genitourinary tract as well as washout by micturition may prevent bacterial invasion and limit absorption of microbes and bacterial toxins \[2,13\]. The main cause of urinary tract infections is obstruction of the urinary tract (obstructive pyelonephritis). Prompt action taken to solve this (drainage or lithotomy and placement of catheters) is recommended as source control \[14\]. There are several reasons why exploring the relationship between the source of infection and mortality due to sepsis and septic shock would be beneficial. Firstly, to improve the prognostic scoring systems, thus helping identify patients who are at a higher risk of mortality. Secondly, to identify those who could benefit from early admission to the intensive care unit and from novel treatments focusing on the management of sepsis. We should, therefore, consider the anatomical source of infection when designing studies related to sepsis and septic shock. **Impact of Source Infection in Sepsis**.

**References**

1.  Vincent, J.; Opal, S.; Marshall, J. Sepsis definitions: Time for change. *Lancet* **2013**, *381*, 774--775.

2.  Leligdowicz, A.; Dodek, P.M.; Norena, M.; Wong, H.; Kumar, A.; Kumar, A.; Co-operative Antimicrobial Therapy of Septic Shock Database Research Group. Association between source of infection and hospital mortality in patients who have septic shock. *Am. J. Respir. Crit. Care Med.* **2014**, *189*, 1204--1213.

3.  Laffey, J.G.; Bellani, G.; Pham, T.; Fan, E.; Madotto, F.; Bajwa, E.K.; Brochard, L.; Clarkson, K.; Esteban, A.; Gattinoni, L. Potentially modifiable factors contributing to outcome from acute respiratory distress syndrome: The LUNG SAFE study. *Intensive Care Med.* **2016**, *42*, 1865--1876.

4.  Rello, J.; Ricart, M.; Mirelis, B.; Quintana, E.; Gurgui, M.; Net, A.; Prats, G. Nosocomial bacteremia in a medical-surgical intensive care unit: Epidemiologic characteristics and factors influencing mortality in 111 episodes. *Intensive Care Med.* **1994**, *20*, 94--98.

5.  Shorr, A.F.; Bernard, G.R.; Dhainaut, J.F.; Russell, J.R.; Macias, W.L.; Nelson, D.R.; Sundin, D.P. Protein C concentrations in severe sepsis: An early directional change in plasma levels predicts outcome. *Crit. Care* **2006**, *10*, R92--R99.

6.  Blanco, J.; Muriel-Bombín, A.; Sagredo, V.; Taboada, F.; Gandía, F.; Tamayo, L.; Collado, J.; García-Labattut, A.; Carriedo, D.; Valledor, M.; et al. Incidence, organ dysfunction and mortality in severe sepsis: A Spanish multicentre study. *Crit. Care* **2008**, *12*, R158--R171.

7.  Volakli, E.; Spies, C.; Michalopoulos, A.; Groeneveld, A.B.; Sakr, Y.; Vincent, J.L. Infections of respiratory or abdominal origin in ICU patients: What are the differences? *Crit. Care* **2010**, *14*, R32.

8.  De Waele, J.; Lipman, J.; Sakr, Y.; Marshall, J.C.; Vanhems, P.; Barrera Groba, C.; Leone, M.; Vincent, J.L.; EPIC II Investigators. Abdominal infections in the intensive care unit: Characteristics, treatment and determinants of outcome. *BMC Infect. Dis.* **2014**, *14*, 420.

9.  He, X.L.; Liao, X.L.; Xie, Z.C.; Han, L.; Yang, X.L.; Kang, Y. Pulmonary Infection Is an Independent Risk Factor for Long-Term Mortality and Quality of Life for Sepsis Patients. *Biomed. Res. Int.* **2016**, *2016*, 1--10.

10. Bagshaw, S.M.; Laupland, K.B. Epidemiology of intensive care unit-acquired urinary tract. *Curr. Opin. Infect. Dis.* **2006**, *19*, 67--71.

11. Qiang, X.H.; Yu, T.O.; Li, Y.N.; Zhou, L.X. Prognosis Risk of Urosepsis in Critical Care Medicine: A Prospective Observational Study. *Biomed. Res. Int.* **2016**, *2016*, 1--5.

12. Nicolle, L.E. Urinary Tract Infection. *Crit. Care Clin.* **2013**, *29*, 699--715.

13. Finer, G.; Landau, D. Pathogenesis of urinary tract infections with normal female anatomy. *Lancet Infect. Dis.* **2004**, *4*, 631--635.

14. Lagunes, L.; Encina, B.; Ramirez-Estrada, S. Current understanding in source control management in septic shock patients: a review. *Ann. Transl. Med.* **2016**, *4*, 330.
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**Abstract:** Sepsis remains a major cause of morbidity and mortality in modern intensive care units (ICUs). The true incidence of sepsis and its associated mortality are difficult to state with any precision. Aside from problems of definition, our epidemiological data are limited largely to the ICU population, but many patients with sepsis do not reach the ICU. Moreover, although there are good epidemiological data on sepsis in ICU patients in the developed world, data from other countries and areas of the world are much less complete. In 2012, the World Federation of Societies of Intensive and Critical Care Medicine (WFSICCM) conducted a worldwide audit of patient data from ICUs around the world, including aspects of infection and organ dysfunction. More than 10,000 patients were included from 84 countries worldwide. Defining sepsis as infection plus organ dysfunction, we showed important differences around the world, including international differences in occurrence rates (13--39%), causative microorganisms and outcomes (12--47%). Interestingly, a comparison of these data from 2012 and similar data collected in 2002 using the same definitions of sepsis, showed no increase in the rate of sepsis over that 10-year period, despite an increase in the severity of illness and age of ICU patients. These observational data do not support the proposal made by some that the incidence of sepsis is increasing: This is largely a reporting phenomenon related to use of definitions that effectively consider sepsis as equivalent to infection. As shown in international collaborative studies such as ICON, the heterogeneity of sepsis patterns, which is already considerable in individual patients within a single center, can be multiplied many fold when considered across centers, countries and continents. Clearly a "one size fits all" approach to management of patients with sepsis will never work; rather a personalized approach is needed such that at each instant in the course of their disease, each patient receives the correct treatment for their particular combination of infectious, immune and organ dysfunction characteristics.
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**Abstract:** Albumin is a multifunctional colloid that is essential for maintaining fluid balance between intravascular and interstitial compartments. As a predominantly plasma protein, albumin accounts for approximately 75--80 percent of plasma oncotic pressure, and plays a role in ligand binding, free radical scavenging, anti-inflammatory processes, and as an antioxidant. The role of albumin in inhibition of apoptosis and as a mediator of cell signaling have also been reviewed \[1\]. Albumin binds directly to a number of endogenous ligands including hormones, lipids, metabolites, metal ions, and high-affinity endothelial cell receptors. Binding of albumin to endogenous ligands affects multiple biological processes including transport, sequestration, and transcytosis. Moreover, albumin binds to numerous drugs, modifying their bioavailability and pharmacokinetics \[2\].

**Evidence-Based Organ Protection by Human Albumin Infusion**

Initial Findings in Randomized Controlled Trials

The use of albumin for fluid resuscitation has proven valuable in a number of conditions. A 2003 systematic review of 79 randomized controlled trials (RCTs) (*N* = 4755 patients) demonstrated that albumin was beneficial in more than 70 percent of studies across a range of organ function endpoints with no detrimental effects identified \[3\]. In cirrhosis patients with ascites, albumin was effective at reducing hemodynamic dysfunction, morbidity and length of stay in hospital, and also reduced mortality and renal dysfunction due to spontaneous bacterial peritonitis. In cardiac surgery patients, albumin administration led to reduced pulmonary edema, lower fluid requirements, and superior hemodilution compared with crystalloids. Postoperative bleeding also decreased in response to albumin administration compared with hydroxyethyl starch (HES). Furthermore, in non-cardiac surgery, albumin reduced fluid requirements and decreased pulmonary and intestinal edema. Albumin is also associated with improved outcomes and decreased complications in patients with brain injury and those with burns. In spite of these findings, there is still doubt surrounding the value of albumin in fluid management and hypoalbuminemia. This is due in part to confounding factors in previous RCTs, such as administration of albumin to the control group and discrepancies in hemodynamic targets between groups \[3,4\], which may disguise true treatment effects.

**Hypoalbuminemia**

In critically-ill patients, hypoalbuminemia (serum albumin levels lower than 4.0 g/dL) and sepsis occur frequently and may be beneficially treated with albumin. Acutely-ill patients often develop hypoalbuminemia and postoperative decreases in serum albumin concentration from 3.8 ± 0.5 g·dL^−1^ to 2.6 ± 0.5 g·dL^−1^ (i.e., moderately-severe hypoalbuminemia) have been demonstrated in patients undergoing cardiopulmonary bypass \[5\]. Low serum albumin levels are associated with poorer outcomes, and exogenous administration of albumin is beneficial. A meta-analysis of 90 clinical studies (*N* = 291,433 patients) used multivariate analysis to evaluate hypoalbuminemia as an outcome predictor in acutely-ill patients. Each 10.0 g·L^−1^ decrease in serum albumin increased the risk of mortality and morbidity, prolonged stay in the intensive care unit and overall length of hospital stay, and increased utilization of healthcare resources \[6\]. Of note, the relationship between hypoalbuminemia and poorer outcomes was independent of nutritional status and inflammation. A meta-regression analysis of results from 9 prospective controlled trials (*N* = 535 patients) showed that the incidence of complications declined significantly as the serum albumin level increased following albumin supplementation \[6\]. In addition, a multicenter, double-blind RCT was conducted in 40 patients with severe hypoalbuminemia and acute lung injury who were receiving adjunctive diuretic therapy. Albumin significantly increased oxygenation and improved net fluid loss compared with saline. Furthermore, albumin administration led to decreased hypotension, improved Sequential Organ Failure Assessment (SOFA) scores, and increased the number of shock-free days by 7.0 days \[7\]. Significant effects of co-administration of albumin with furosemide on transiently increased amounts of urine volume and sodium excretion have been observed in several studies in hypoalbuminemic patients \[8\].

A previous systematic review analyzed the relationship between hypoalbuminemia and renal failure; in particular, the association between serum albumin and the incidence of acute kidney injury (AKI), and the impact of lower serum albumin levels on mortality in patients with AKI \[9\]. Hypoalbuminemia was confirmed as an independent predictor for AKI and subsequent mortality \[10\]. A recent trial evaluated the effect of exogenous 20% human albumin vs. saline on the incidence of postoperative AKI in adult patients with hypoalbuminemia undergoing off-pump coronary artery bypass surgery \[11\]. The rate of postoperative AKI increased in the saline group as the level of serum albumin decreased. In addition, the incidence of postoperative AKI was significantly lower in the albumin group, and multivariate logistic regression analysis identified a renal-protective effect of albumin administration \[11\]. The inverse relationship between serum albumin and postoperative AKI confirms the positive association between albumin and renal health. In line with this, correction of hypoalbuminemia resulted in smaller increases in serum creatinine and led to protection against AKI.

Supporting evidence for possible renal protection by albumin administration has been recently provided by a large retrospective cohort study confirming hypoalbuminemia on admission to the hospital as a risk factor for the development of AKI and mortality \[12\]. A total of 19,472 patients were enrolled and included in a hypoalbuminemia group (serum albumin level \<3.4 mg/dL, measured within two days of admission) and a normal group. AKI was defined as an increase in serum creatinine levels of ≥0.3 mg/dL or 1.5 times baseline during hospitalization. The incidence of AKI was 10.7% in the group with hypoalbuminemia and 4.1% in the control group; interestingly, in patients with AKI, albumin administration significantly improved renal recovery \[12\].

**Albumin Isoforms and Reduced Effective Albuminemia in Severe Liver Disease**

In patients with cirrhosis, serum albumin is post-transcriptionally changed which is likely to affect its function. In a study aimed at identifying cirrhosis-related structural changes of serum albumin and their effects on patient morbidity and mortality, it was shown that the albumin isoforms are not only altered in liver cirrhosis, but are also increasingly impaired in their function, and impairment parallels the severity of liver disease. Altered isoforms including cysteinylated/N-terminal truncated albumin are therefore associated with specific clinical complications, making them better predictors of patient survival than the total albumin concentration. These findings support the concept of 'effective' albumin concentration, which implies that the global function of human albumin is not only related to serum concentration, but also to the maintenance of structural integrity \[13\].

Cirrhosis-associated immunosuppression is held responsible for both infectious and non-infectious, inflammatory complications of the disease \[14,15\]. Prostaglandin E~2~ (PGE~2~) levels are elevated in cirrhosis and mediate immunosuppression; human albumin infusion can be used to successfully reduce circulating PGE~2~ levels, attenuate immunosuppression, and reduce the risk of infection in acutely decompensated cirrhotics \[16\].

The potential of organ protection by albumin use has been further illustrated recently at the International Liver Congress 2017 held in Amsterdam, The Netherlands \[17\]: The ANSWER study was a randomized, controlled trial of 440 patients with cirrhosis and uncomplicated ascites that compared standard diuretic therapy with standard diuretic therapy plus human albumin (40 g intravenously twice weekly in the first two weeks and then once weekly). The primary endpoint was overall survival and patients were followed for up to 18 months: "The rate of survival was significantly higher in patients receiving human albumin plus to standard therapy, compared with those receiving standard therapy only. Treatment with human albumin reduced the risk of death by 38%. Statistically significant benefits of administering human albumin rather than standard therapy alone were demonstrated for the management of ascites, complications of cirrhosis, quality of life and hospital admissions \[17\]".

Since treatment with human albumin, especially in spontaneous bacterial peritonitis and hepato-renal syndrome, has significantly reduced mortality, it is currently the only colloid administration recommended in both, international and national guidelines, e.g., the European EASL guidelines \[18\], the German S3 guidelines \[19\] and the revised edition of the German cross-sectional guidelines for the treatment with blood components and plasma derivatives \[20\].

Hepatic encephalopathy (HE), a neuropsychiatric syndrome complicating acute and chronic liver failure in the absence of other brain disease, is a condition in which use of albumin may be organ protective as well. The effects of albumin administration in patients with HE have been investigated in two small RCTs both describing significantly increased survival rates in the albumin-treated groups; mortality was defined as a secondary study endpoint. However, reported results from the two studies were conflicting for various primary outcome parameters \[21,22\]. Further studies to explore the potential of such a therapeutic approach are needed.

**Sepsis**

With regards to sepsis/septic shock, the ALBIOS study analyzed the effects of albumin maintenance at 3.0 g/dL for up to 28 days during ICU stay in patients with severe sepsis or septic shock (*N* = 1818) \[23\]. There were no significant differences in overall survival after 28 or 90 days between the albumin and crystalloid groups. However, a *post-hoc* analysis showed that in the subgroup of 1300 patients with septic shock, there was a significant survival advantage after 90 days in patients who received albumin. In addition to its hemodynamic effects, albumin may have a protective effect on endothelial function and microcirculation. This is evidenced by the loss of glycocalyx that follows decreases in plasma albumin concentration, leading to increased fluid extravasation \[24\]. Albumin is shown to protect against loss of glycocalyx in models of ischemia-reperfusion and facilitated recovery of the glycocalyx in cases of hemorrhagic shock (for review see \[25--27\]).

Human albumin is the only colloid infusion recommended in guidelines for use in severe sepsis and septic shock \[28--30\]. Its administration is suggested when in volume resuscitation a combination of crystalloids with colloids is considered necessary for the treatment of patients in septic shock (grade 2C).

**Conclusions**

Evidence in support of organ protection by administration of human albumin is growing. Known beneficial effects of albumin are mediated by both hemodynamic and pharmacodynamic mechanisms. The hemodynamic effects of albumin are important for normal organ perfusion and function, while exogenous administration of human albumin helps to maintain glomerular filtration and preserve renal function via hemodynamic and oncotic mechanisms. Pharmacodynamic properties include mitigation of nephrotoxicity induced by certain medications, restoration of net fluid balance, protection against loss of glycocalyx, and maintenance of glomerular filtration. Reduced renal morbidity in patients with liver cirrhosis and decreased nephrotoxicity suggest a nephro-protective effect of human albumin in addition to its unique pharmacodynamic properties. Important roles of albumin administration in regulating innate immune system and inflammation in states of effective hypoalbuminemia such as cirrhosis and sepsis are increasingly uncovered. However, more high-quality, randomized, interventional studies are required to better understand the mechanisms by which albumin leads to organ protection and to identify additional clinical indications in areas where current evidence is still too low to better inform clinical practice.
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**Abstract:** Fluids play a key role in the management of critically ill patients, but multiple aspects of fluid management are still under debate, including the precise role---if any---of albumin. Colloid solutions are of particular value in patients requiring large volumes of crystalloids because less colloid volume is needed to reach the same hemodynamic effect, thus reducing the likelihood of fluid overload and its associated harmful effects on multiple outcomes. Human albumin is the only available non-synthetic colloid. In addition to its oncotic properties, human albumin has other physiological roles, including anti-oxidant effects, protective effects on vessel wall integrity (protecting the glycocalyx), and as a carrier protein, which may be of particular benefit in certain groups of patients, notably those with sepsis and/or hypoalbuminemia. The recent Surviving Sepsis Campaign recommendations suggest the administration of human albumin solutions in addition to crystalloids for initial resuscitation and subsequent intravascular volume replacement in patients with sepsis and septic shock when patients require substantial amounts of crystalloids. The most recent American College pediatric guidelines recommend either crystalloids or albumin solutions. Although more expensive than other colloid solutions, the price of albumin relative to other treatments has decreased over recent years. Whether albumin administration can decrease mortality rates has not been shown definitely, but this is true for virtually any intervention in the ICU: this is our current problem with clinical trials. So, do we need another trial? The simple answer is that I'm not sure whether this is necessary or worthwhile. Clearly albumin is not indicated in all patients and, if conducted, such a trial should include only those patients most likely to benefit, i.e., patients with septic shock. In addition, it should not focus simply on the very short-term use of albumin during the acute resuscitation phase, but rather on the more prolonged use of albumin as supplementation to correct hypoalbuminemia. Importantly too, being able to demonstrate an effect of albumin on mortality rates is unlikely and effects on organ (dys)function may be more valuable. A large German study evaluating the effects of albumin in septic shock is being planned. Nevertheless, the results may still not provide us with any definitive answers as patients with septic shock remain a heterogeneous population. Fluid administration in critically ill patients must be personalized to the individual patient according to multiple factors, including severity of illness and underlying diagnosis.
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**Abstract:** Invasive aspergillosis is a frequently lethal disease that typically affects patients who are immunocompromised. According to the European Organization for Research and Treatment of Cancer/Invasive Fungal Infections Cooperative Group and the National Institute of Allergy and Infectious Diseases Mycoses Study Group (EORTC/MSG) Consensus Group definitions of invasive fungal disease \[1\] proven invasive aspergillosis (IA) requires detection of fungal hyphae by histology, cytology or direct microscopy, or isolation of the mould from culture of sterile material. Probable IA requires at least one the following host factors: recent history of neutropenia, receipt of an allogeneic stem cell transplant; prolonged use of corticosteroids at a mean minimum dose of 0.3 mg/kg/day of prednisone equivalent for \>3 weeks; treatment with other recognized T cell immunosuppressants, such as cyclosporine, TNF-*α* blockers, specific monoclonal antibodies (such as alemtuzumab), or nucleoside analogues during the past 90 days, or inherited severe immunodeficiencies. In mixed medical/surgical intensive care units (ICU) only a minority of patients will fall within these specifically immunocompromised groups. Over the past decade there has been a growing realisation that there are critical care patients succumbing to IA who do not fall within these traditional categories of immunocompromised patients. Because of a lack of consensus on criteria for diagnosis of IA in these patients there are delays in recognition of IA and consequent high mortality rates. This statement is supported by the few studies where autopsies have revealed the presence of IA that was not diagnosed earlier during critical care. In an effort to improve detection of probable cases (which they termed putative IA), Blot et al. \[2\] proposed a clinical algorithm that required, as an entry criterion, an *Aspergillus*-positive sample from a lower respiratory tract specimen culture, combined with a set of clinical, radiological and host criteria. Notably *Aspergillus* biomarkers such as serum or bronchoalveolar lavage (BAL) galactomannan were not included. Taccone et al. \[3\] used these criteria in a study conducted in 30 ICU's where they identified 297 cases of proven or putative IA. They found that 70% of the cases were immunosuppressed in accordance with the EORTC/MSG criteria. When they compared these patients with those who were not immunosuppressed the following were significantly associated with IA in the latter group (*p* \< 0.05): diabetes, smoking history, alcohol abuse, acute heart failure and renal replacement therapy. Chronic obstructive pulmonary disease (COPD) is increasingly recognised as a risk factor for IA, especially in patients with more advanced Global initiative for Obstructive Lung Disease (GOLD) stage disease and/or who have received prolonged courses of corticosteroids. It has been shown that COPD patients colonized by *Aspergillus* have a high risk of later progressing to invasive disease. Other patients with increased risk of IA are those with liver cirrhosis, acute respiratory distress syndrome, severe sepsis, and acute renal failure \[4\]. Recently there have been reports of influenza virus infection predisposing to IA. Van de Veerdonk et al. \[5\] report a 16% incidence of influenza-associated aspergillosis in critically ill ICU patients. Of interest was that no patients were neutropenic, not all of the patients had received corticosteroids, and 30% had no underlying risk factors for IA; there was a high associated mortality. As more experience is gained with managing critical care patients at risk of IA, our ability to make a confident diagnosis, at least of probable/putative IA, should improve. The use of diagnostic biomarkers like BAL galactomannan and *Aspergillus* PCR is becoming more established and is being incorporated into critical care pathways. Early empirical antifungal therapy will continue to be practised but use of serum 1--3-beta-D glucan monitoring should help to curtail overuse of systemic antifungals because of its high negative predictive value \[4\]. A further consideration is the emergence of antifungal drug resistance in the main pathogenic species *A. fumigatus* and the greater possibility of drug resistance in other *Aspergillus* species \[6\]. This necessitates having ready access to excellent mycology laboratory support. A final consideration is control of the environment to minimise the risk of nosocomially acquired IA. Recent national guidelines have been published that address this specific topic and are available at <http://www.hpsc.ie/a-z/respiratory/aspergillosis/guidance/>.
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**Abstract:** In spite of important progress in the field of ventilator-associated pneumonia (VAP) pathophysiology and prevention, this infection is still common in critically ill patients. Recognizing ineffective measures for VAP prevention is helpful to avoid side effects of these interventions, and to reduce cost, and workload in the intensive care unit (ICU).

**Residual Gastric Volume Measurement**

A recent randomized, noninferiority, open-label, multicenter trial was performed in 449 adults requiring invasive mechanical ventilation, and compared absence of residual gastric volume monitoring vs. measurement of gastric volume every 6 h \[1\]. VAP rate was similar in intervention (16.7%) and control group (15.8%) (difference, 0.9%; 90% CI, −4.8% to 6.7%). In addition, proportion of patients receiving 100% of their calorie goal was higher in the intervention group (odds ratio, 1.77; 90% CI, 1.25--2.51; *p* = 0.008), suggesting that this measurement should not be performed.

**Systemic or Inhaled Antibiotic Therapy**

Few studies have assessed antibiotics as preemptive therapy for VAP aiming either to suppress colonization or to treat ventilator-associated-tracheobronchitis (VAT), which is considered to be a condition that may lead to VAP \[2\]. Systemic use of short courses of antibiotics early after intubation, or later at VAT diagnosis, or the local application of antibiotics in the trachebronchial tree showed promising results for reducing VAP prevalence \[2,3\]. However, available studies are small, observational, or performed in specific populations such as patients with neurologic failure. Moreover, there is still skepticism for the emergence of multidrug resistant bacteria following the implementation of such strategies.

A recent single-center randomized controlled trial evaluated the impact of inhaled colistin on VAP incidence \[4\]. Although the rate of VAP was lower in intervention compared with control group, the difference did not reach statistical significance.

**Statins**

Statins (reductase inhibitors) present antiinflammatory-immunomodulatory properties besides their ability to affect cholesterol composition and it has been hypothesized that they might be useful in improving the outcome or the incidence of various diseases, including pneumonia, acute respiratory distress syndrome. However, data from national registries or post hoc analysis of data from randomized studies reported conflicting results for the impact of the use of statins on the risk of pneumonia. A randomized study in critical care patients, without previous use of statins, reported that the prophylactic use of a 30-day treatment with pravastatin did not significantly modify the risk of VAP \[5\].

**Closed Tracheal Suctioning System**

Closed tracheal suctioning system (CTSS) might reduce exogenous tracheobronchial colonization via fewer manipulations by healthcare workers. However, 3 large randomized controlled trials did not report significant benefit of this system in reducing VAP incidence. By contrast, a recent meta analysis of 15 randomized controlled trials reported significant reduction in VAP rate using CTSS, compared with open tracheal suctioning system (OTSS) (RR 0.69; 95% CI 0.54--0.87) \[6\]. However, heterogeneity was high (I2 = 46.4%), and sensitivity analyses, including trial sequential analysis, suggested the scarcity of high-quality trials.

**Improved Tracheal Cuff**

In vitro and observational studies suggested reduced microaspiration and VAP rates using tracheal tubes with tapered and/or polyurethane cuff. However, the large multicenter randomized controlled TOPCUFF study \[7\] carefully evaluated the impact of tapered vs. tapered shape, and polyurethane vs. polyvinyl chloride cuff in 621 patients receiving mechanical ventilation for \>48 h. No significant impact of these interventions was found on tracheobronchial colonization, or VAP rates. Recently, the multicenter cluster randomized controlled BestCuff trial \[8\] evaluated the impact of tapered cuff on microaspiration in 342 critically ill patients. No significant impact was found on microaspiration of gastric contents or oropharyngeal secretions. VAP and ventilator associated events rates were also similar in intervention and control groups.
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**Abstract:** Ventilator-associated pneumonia (VAP) is a nosology entity that occurs in patients mechanically ventilated (MV) for at least 48 h during their intensive care unit (ICU) stay \[1\]. VAP is the most common ICU-acquired infection that increases mortality, prolonging MV, ICU stay and hospitalization \[2\]. The identification of the risk factors and treatments of this condition are key issues in critically ill patients. Hypoxemia is often one of the earlier signs of VAP, depending in large part on the amount of lung tissue impaired by the inflammatory process. Hypoxemia is generally defined as a SaO~2~ \<90% and a PaO~2~ \<60 mmHg if breathing ambient air or a PaO~2~/FiO~2~ \<300 \[3\]. Current guidelines suggest to achieve normal/near-normal SaO~2~ for all acutely ill patients, including those with VAP. Recommended target SaO~2~ range for critically ill patients is 94--98% (88--92% for those at risk of hypercapnic respiratory failure) \[3\]. Weaker recommendations are available about PaO~2~ even though the suggested target range is between 70 and 100 mmHg. Different strategies have been proposed to improve blood oxygenation in VAP patients, the administration of oxygen as first. It has been suggested to use the lowest possible FiO~2~ to maintain PaO~2~ between 70 and 100 mm Hg and SaO~2~ between 94% and 98%. In MV patients, the interfaces to administer oxygen are mostly mask during non invasive ventilation (NIV), and the endotracheal tube or tracheostomy cannula for invasive MV. High flow oxygen therapy (HFOT) has been recently shown improving oxygenation and generating modest levels of positive airway pressure \[4\]. The use of a positive end expiratory pressure (PEEP) is another cornerstone. It decreases the amount of opening and closing lung tissue and prevents lung atelectasis, reducing the ventilator induced lung injury (VILI) and attenuating the bacterial growth and translocation that may represent risk factors for VAP \[5\]. The application of prophylactic PEEP has been shown to reduce the number of hypoxemic episodes and incidence of VAP also in non-hypoxemic MV patients \[6\]. Patients positioning is another important factor; prone positioning is well known to improve oxygenation by homogenizing the transpulmonary gradient and increasing ventilation to the dorsal areas of the lungs, with the additional effect of preventing or reducing VILI \[7\]. Result of prone positioning for VAP prevention are however conflicting, and in ICU patients with pure hypoxemic acute respiratory failure, prone positioning had no effect on the risk of VAP \[8\]. Differently the semi-recumbent position still remains an effective measure for VAP prevention.

The other face of the coin is the liberal oxygen therapy that induces hyperoxia. It has been demonstrated that ICU MV patients still spend most of their time with unnecessary high FiO~2~ and PaO~2~ \[9,10\] despite that evidences from recent studies suggest that hyperoxemia is generally not safe. Detrimental effects related to the too high oxygen tension have been shown in perioperative patients \[11\], as well as in patients with ST segment elevation and myocardial infarction \[12\] and in patients undergoing resuscitation from cardiac arrest \[13\]. In a recent RCT in a medical-surgical ICU \[14\], oxygen supplementation titrated to a conservative SaO~2~ and PaO~2~ target (94--98% and 70--100 mmHg respectively) was associated with lower ICU and hospital mortality compared to conventional oxygen administration. Even though the occurrence of new respiratory failures and infections did not differ between the two groups, patients in the conservative group showed an increase in MV-free hours reducing the duration of MV that is a well-known factor risk for VAP \[15\]. In addition the study excluded patients with immunosuppression, ARDS, and COPD whose risk factors for VAP are higher, impeding a definitive conclusion on the potential benefit of a conservative oxygen therapy on the occurrence of new respiratory infections and VAP \[14\]. In spite of these data, what constitutes the safe upper limits and duration of FiO~2~ and PaO~2~ still remains uncertain. Available evidence shows a rapid increment of toxicity when FiO~2~ is increased above 0.6 and also when the exposure time is prolonged, showing a U-shaped relationship between mortality and PaO~2~. Mild hyperoxemia is defined as PaO~2~ between 120 and 200 mmHg and severe hyperoxemia as PaO~2~ \>200 mmHg \[16\]. In humans, direct lung toxicity is the best-known harmful consequence of hyperoxia; it is mediated by excessive production of reactive oxygen species either through direct damage to tissue constituents or via altered oxidative signalling \[17\]. Hyperoxia has been reported to cause pulmonary edema, generation of hyaline membrane, pulmonary arteriole thickening, and alteration of the ventilation to perfusion ratio generating the so called hyperoxic acute lung injury (HALI \[18,19\]. Denitrogenation phenomena and inhibition of surfactant production are also observed at high levels of FiO~2~, promoting expiratory collapse and atelectasis \[20,21\]. Prolonged hyperoxia may then generate HALI inducing a reduced bacterial clearance and impairment of macrophages activity \[22--24\]. Animal studies suggested a close relationship between hyperoxemia and VAP \[25\], Six et al. designed a retrospective observational study to determine the actual relationship between hyperoxemia (defined as PaO~2~ \>120 mmHg) and VAP in humans. Hyperoxemia on ICU admission, number of days with hyperoxemia and percentage of days with hyperoxemia were all more frequent in patients developing VAP and independently associated with VAP onset at the multivariate analysis.

In conclusion, management of patients affected by or at risk of VAP implies an accurate equilibrium between improving blood oxygenation and preventing hyperoxemia.
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**Abstract:** Hospital-acquired pneumonia (HAP), including ventilator-associated pneumonia (VAP), is still a common ICU infection, with a high attributable morbidity and mortality. With current standard-of-care therapy, clinical success rates are often less than 60%, related to the challenges of antibiotic therapy in critically ill patients, including alterations in pharmacokinetics (PK) and pharmacodynamics (PD) with large increases in antibiotics volume of distribution and augmented renal clearance, relative low penetration of most antibiotics into the lung tissue and the frequency of difficult-to-treat or highly resistant pathogens in that setting \[1\].

Aerosol antibiotic administration offers the theoretical advantages of achieving high drug concentrations at the infection site, well above the minimal inhibitory concentration (MIC) of most causative microorganisms, and low systemic absorption, thereby avoiding toxicity, particularly the renal toxicity of aminoglycosides or colistin. The poor development of this potentially advantageous technique in patients on mechanical ventilation (MV) is partly due to the fact that, during MV, high amounts of the particles dispersed by conventional nebulizers deposit in the ventilatory circuits and the tracheobronchial tree, therefore not reaching the distal lung and hence less drug is available in the alveolar compartment. Current non-standardized clinical practice, the difficulties of implementing optimal nebulization technique and lack of robust clinical data considerably limits widespread adoption.

The optimal mass median aerodynamic diameter allowing distal lung deposition ranges between 0.5 and 3 μm. Particles larger than 5 μm massively deposit in the ventilator circuit and large airways, and very small droplets \<1 μm are mostly exhaled in the expiratory limb of the ventilator circuit. Jet nebulizers appear less efficient than ultrasonic and vibrating-mesh nebulizers for antibiotic delivery. Nebulizers operating continuously during both insufflation and expiration should be placed in the inspiratory limb, 15--40 cm upstream of the Y-piece. Humidified gas increases the size of aerosol particles through hygroscopic water absorption; therefore, active heated humidifier should be switched off during nebulization. Ventilator settings that favor nebulization efficiency include low respiratory frequency, low inspiratory flow and increased inspiratory time. Tolerance of such specific ventilator settings in awaked patients may be poor and the benefit/risk ratio of temporary sedation during nebulization should be discussed on a case by case basis. Those practical constraints represent an important hurdle for performing clinical trials and ultimately for large scale feasibility of inhaled antibiotic therapy in daily clinical routine \[2\].

The most frequently described events secondary to inhaled antibiotics are cough and a disagreeable taste, which are minor and transient. Bronchospasm is a more severe, possibly life-threatening, but less common side effect that has been reported in patients receiving nebulized antibiotic, especially when the intravenous formulation was used. The prolonged use of broad-spectrum antibiotics is also known to lead to emergence of multi-resistant strains, and nebulization is not an exception to the rule. Thus, as for every antibiotic strategy, aerosolization must be managed prudently, particularly concerning treatment duration, that should be kept as short as possible \[2\].

Several studies have confirmed in animal models and also in patients with VAP that aerosol administration permits to reach very high antibiotic concentrations into the proximal airways respiratory secretions, as well as the epithelial lining fluid \[3\]. However, although some studies based on relatively low numbers of patients could demonstrate a positive result, none of them enables to draw definitive conclusion on relevant clinical endpoints, such as mortality and/or duration of MV, even when their results were meta-analysed \[4,5\]. Results of two large, double blind, placebo-controlled randomized trials were recently made available. In the first one, the investigators compared standard of care in each arm plus 300 mg amikacin/120 mg fosfomycin or placebo (saline), delivered by aerosol twice daily for 10 days via an efficient mesh-vibrating nebulizer \[6\]. A total of 143 patients with gram-negative bacterial VAP were studied. Comparison of CPIS change from baseline between treatment groups was not different, as well as the secondary hierarchical end point of no mortality and clinical cure at day 14.

The second study was the Bayer Inhaled study, a multinational, randomized, placebo-controlled, double-blind, multi-center study trial which investigated the clinical efficacy and safety of adjunctive "Amikacin Inhale" over standard of care IV antibiotics and aerosolized placebo for the treatment of Gram-negative pneumonia in adult ICU ventilated \[7\]. The primary outcome measure was survival at day 30. Secondary outcome measures included pneumonia-related mortality through to day 30, early clinical response up to day 10, number of days on MV, and number of ICU days up to day 30. 725 eligible patients were randomized into 2 arms. Patients in the first arm received 400 mgs of a specially formulated Amikacin Inhalation Solution every 12 h for 10 days administered using the Synchronized Inhalation System, a mesh-vibrating nebulizer synchronized with inspiration. Patients in the comparator arm received aerosolized placebo every 12 h for 10 days, also administered using the using the Synchronized Inhalation System. Both groups received standard of care IV antibiotics following American Thoracic Society (ATS) guidelines or local guidelines. The primary endpoint (overall mortality at day 28), as well as secondary endpoints were similar in both treatment arms, and therefore the study failed to demonstrate superiority of adjunctive aerosolized amikacin versus standard of care.

In summary, although promising and based on a strong PK/PD rationale, antibiotic aerosolization to treat HAP/VAP has not been demonstrated to improve clinically relevant outcomes. At present, antibiotic aerosolization can only be recommended to treat patients with HAP/VAP caused by multidrug-resistant microorganisms only susceptible to antibiotics with evidence of limited efficacy when given by the intravenous route: i.e., aminoglycosides and colistin \[1\]. Future investigation should focus on continuous improvement of nebulization practice and technique in these very specific populations of patients infected with extensively-drug resistant pathogens. A paradigm change might occur in the future with the development of inhaled anti-infective nanoparticle, antibodies or phage therapy.
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**Abstract:** Invasive mycoses are life-threatening opportunistic infections and recently emerged as a major cause of morbidity and mortality in the intensive care unit (ICU) and in surgical and critically ill immunocompromised patients. Candida and Aspergillus species are the most frequent fungal pathogens in the critical care setting and account for 80 to 90% of all invasive fungal infections \[1--3\]. Appropriateness and timing of initiation of antifungal therapy influence the outcome of invasive fungal infections (IFI). Several studies have shown that inappropriate therapy or delays in the introduction of appropriate antifungals increased mortality in patients with IFI \[2\]. This suggests a role for preventive antifungal therapy such as prophylaxis, preemptive or empirical therapy in the management of IFI. However, criteria for initiating preventive antifungal strategies remain ill-defined and should be balanced against the potential risks of toxicity, selection of resistance and treatment costs \[2,3\]. Up until now, investigators conducted less than twenty-five antifungal preventive studies in ICU patients \[4,5\].

Prophylaxis is the best-studied approach warranted in selected patients who are at highest risk (i.e., a rate of IFI greater than 5%). Yet, preemptive and empirical therapy are the favored preventive antifungal therapies. Preemptive therapy, defined as the initiation of therapy based on biomarkers of fungal infections, is gaining interest, but one is lacking studies to better define patients who may benefit from this approach in the ICU. The risk is that widespread use of antifungal agents given as prophylaxis or preemptive therapy may affect fungal ecology and increase resistance against antifungal agents.

Only two studies examined the impact of empirical therapy in ICU patients \[6,7\]. In a double-blind study conducted from 1995 to 2000 that included 270 ICU adult patients with persistent fever despite broad-spectrum antibiotics, intravenous fluconazole (800 mg per day) and placebo resulted in similar rates of successful outcome (36% versus 38%, *p* = 0.78) \[6\]. A composite index of primary outcome that included four items (resolution of fever, absence of invasive fungal infection, no discontinuation of therapy because of toxicity and no need for non-study systemic antifungal medication) defined success as the achievement of all four items. The lack of fever resolution was the main reason for failure in more than 50% of the patients. Documented IFI were present in only 17 patients, 6 (5%) in the fluconazole group and 11 (9%) in the placebo. In a multicenter, double-blind, placebo-controlled study conducted between 2012 and 2015 in 260 nonneutropenic and nontransplanted critically ill patients with ICU-acquired sepsis, micafungin did not increase fungal infection-free survival at day 28 \[7\]. This primary endpoint occurred in 68.0% of the micafungin-treated patients and in 60.2% of the placebo-treated patients (hazard ratio: 1.35, 95% CI, 0.87--2.08). However, micafungin reduced the number of new IFI (3% versus 12%, *p* = 0.008).

According to the 2016 guidelines of the Infectious Diseases Society of America (IDSA), the empiric antifungal therapy in nonneutropenic patients in the ICU should be considered in critically ill non-neutropenic patients with risk factors for invasive candidiasis and no other known cause of fever \[8\]. It should be guided by clinical assessment of risk factors, surrogate markers for invasive candidiasis, and/or culture data from non-sterile sites (strong recommendation; moderate-quality evidence). Empiric antifungal therapy should be started as soon as possible in patients who have risk factors and who have clinical signs of septic shock (strong recommendation; moderate-quality evidence). Preferred empiric therapy is an echinocandin (strong recommendation; moderate-quality evidence). Alternative therapies are fluconazole (strong recommendation; moderate-quality evidence) or lipid formulations of amphotericin B (strong recommendation; low-quality evidence). Additional clinical studies are needed to better define the place of empirical therapy among preventive antifungal strategies in the ICU.
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**Abstract:** The era of gaseous molecules officially began with reports of endothelium-dependent vasorelaxation in 1980, which led to the unequivocal identification of EDRF as nitric oxide (NO). At that time, the concept that a substance which was not a peptide, protein, lipid mediator, or nucleic acid but endogenously derived gas such as NO could exert vital biological functions truly represented a paradigm shift in the life sciences. Since the formal discovery of NO, the extraordinary advances in the biology and chemistry of NO have improved our understanding not only of physiological processes but also of the pathogenesis of human diseases. The remarkable translational application of the basic knowledge of NO to human diseases has opened new avenues of biomedical research and drug discovery.

Ironically, we have known for a longer time, some two decades prior to the discovery of NO, that living organisms could produce another endogenous gaseous molecule: carbon monoxide (CO). CO, a diatomic gas, occurs in nature as a product of oxidation of organic matter. This invisible, chemically inert, colorless and odorless gas is commonly viewed as a poison, because at high concentrations it can produce deleterious physiologic effects and, with prolonged exposure, ultimately death. The well-known toxic effects of CO involve the avid binding of CO to hemoglobin with an affinity 240 times that of oxygen, resulting in tissue hypoxia due to displacement of oxygen from hemoglobin. In 1968, the precise biochemical mechanism for the endogenous production of CO was first described. CO originates from the breakdown of heme by the heme oxygenase (HO) enzymes. In humans, endogenous CO production arises principally from HO-catalyzed heme degradation from the turnover of hemoglobin and other cellular hemoproteins, with minor contributions from other metabolic pathways. HO, which exists as two major isoforms (HO-1, HO-2), catalyzes the first and rate-limiting step in the oxidative degradation of heme to ferrous iron, biliverdin-IX, and CO. In the past 2 decades, the interest in HO isozymes has shifted from their well-defined metabolic function of heme catabolism and erythrocyte turnover, to critical physiological function as a cytoprotective mechanism in numerous models of cellular stress and organ pathology. Although HO-derived CO production represents the major intracellular pathway that generates endogenous CO, it was largely considered metabolic waste by the scientific community during the first 25 years following the discovery of HO. Our laboratory in 2000 (*Nature Medicine*) was the first to show that low dose CO can exert cytoprotective effects in preclinical models of lung inflammation and injury. Our study at that time provoked new interest in the field of gaseous molecules, but also generated considerable controversy. We introduced a novel paradigm that a toxic gas such as CO which can lead to deleterious physiologic dysfunction *via* binding to hemoglobin and even death when administered at high doses, could act as a cytoprotective agent when applied at low dose. Many laboratories including our own have since demonstrated that CO conferred cytoprotection *via* potent anti-inflammatory, anti-apoptotic and anti-proliferative effects. The PI and the project leaders have collectively demonstrated the cytoprotective effects of low dose CO in various rodent models of lung injury and inflammation including hyperoxia, endotoxemia, bleomycin-induced lung fibrosis, ventilator-induced lung injury, ischemia-reperfusion induced lung injury, organ transplantation including lung and non-pulmonary tissue injury including models of myocardial ischemia, ileus, hemorrhagic shock and vascular injury. Importantly, other laboratories have also reported cytoprotective effects of inhaled CO in various models of tissue injury. Furthermore, these responses were regulated by cell- or tissue-specific, and stimuli- or stress-specific signaling. An improved understanding of the mechanisms by which CO mediates its cytoprotective effects would greatly enhance the potential to translating the use of this gas for human disease, and provide insight into additional therapeutic targets. We will review the preclinical studies of inhaled CO in experimental models of tissue inflammation and provide update on Phase I/II clinical trial of inhaled CO in lung diseases.
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**Introduction**

Coagulation and inflammation use extensive reciprocal activation and amplification in the response against systemic but also local insults \[1\]. Pneumonia is characterized by dysregulated coagulation and inflammation within the pulmonary compartment \[2,3\]. Clinical trials of systemically administered anticoagulant agents in patients with pneumonia so far failed to show beneficial effects of anticoagulant \[4\]. In these trials, dosages of anticoagulant agents could have been too low, and systemic bleeding may have offset any possible positive effect. Nebulization of anticoagulant agents may improve local biological availability, and could limit the systemic anticoagulant effects.

**Methods**

Recently, we reported on a systematic search of the medical literature to identify preclinical investigations and clinical trials of nebulized anticoagulant agents in the setting of lung injury \[5\]. For that search we used various terms referring to aspects of the condition of interest (i.e., pneumonia, ARDS, lung trauma), the intervention of interest (i.e., intratracheal, nebulized, vaporized, or aerosolized) and various anticoagulant agents, though limited to those that are commercially available or have been tested in clinical trials in critically ill patients (i.e., heparin, danaparoid, activated protein C, antithrombin and tissue factor pathway inhibitor). We here focus on findings regarding nebulized anticoagulant agents in the setting of pneumonia.

**Search Results**

The systematic search identified only five articles reporting on preclinical studies using pneumonia models in mice \[6\] and rats \[7\]; the search failed to find articles reporting on trials in the setting of pneumonia in humans. Quality of outcome of the systemic review was limited due to the heterogeneity of included articles of animal studies, as the five preclinical studies varied greatly in, e.g., models fro pneumonia, technique of administration of anticoagulant agents, and used endpoints.

**The Preclinical Studies Identified by the Search**

Ader et al. examined the effects of intratracheal instillation of heparin in a model of *Legionella pneumophila* pneumonia in mice \[6\]. For this, mice received heparin intratracheally, co--instilled with a virulent isolate of *L. pneumophila.* Hofstra et al. examined the effect of nebulized heparin, danaparoid, activated protein C, or antithrombin on pulmonary coagulopathy and inflammation in a model of *Streptococcus pneumoniae* pneumonia in rats \[7\]. For this, rats were challenged intratracheally with *S. pneumoniae*, inducing pneumonia, and received treatment before and after the bacterial challenge. Cornet et al. examined the effect of nebulization of the same anticoagulant agents on pulmonary coagulopathy and inflammation in a model of *Pseudomonas aeruginosa* pneumonia in rats \[8\]. For this they used the same set--up as in the study by Hofstra et al. \[7\], but animals were infected with *Pseudomonas aeruginosa* instead of *Streptococcus pneumoniae.* Van den Boogaard et al. examined the effect of nebulized tissue factor pathway inhibitor in two models of acute lung injury in rats \[9\]. For this, they intratracheally instilled *Pseudomonas aeruginosa*, causing direct lung injury, or gave an intravenous injection of *Escherichia coli* lipopolysaccharide, causing indirect lung injury. Tissue factor pathway inhibitor was administered by nebulization before and after induction of pneumonia or endotoxemia. Finally, Chimenti et al. examined the effects of nebulized heparin in a model of acute lung injury in rats (10). For this, they intratracheally instilled lipopolysaccharide. Heparin was nebulized at various and different timepoints.

**Main Findings**

In the diverse preclinical models of pneumonia the anticoagulant agents heparin, danaparoid, activated protein C, antithrombin and tissue factor pathway inhibitor were capable of attenuating pulmonary coagulopathy \[6--10\]. However, only heparin (6, 10), antithrombin \[7\] and tissue factor pathway inhibitor \[9\] were capable of dampening pulmonary inflammation. Of note, danaparoid and activated protein C also had systemic effects \[7--9\], and while bacterial clearance from the lung was found with all nebulized anticoagulants, a remarkable trend towards increased bacteremia was found with heparin and danaparoid \[8\].

**Discussion**

The reasons for not finding an inhibitory effect on inflammation in all preclinical studies remain unexplained. Nebulized anticoagulants have not yet been tested in the setting of pneumonia in humans.

**Conclusions**

Nebulized anticoagulant agents exert local anticoagulant effects in the lungs, an effect found with all tested agents and in all models. Nebulization of anticoagulant agents also results in local anti--inflammatory effects, though this was not find with all agents tested, and was not confirmed in all models. Nebulized anticoagulants can affect systemic coagulation.

**Recommendations**

Future clinical studies need to focus on the way to nebulize anticoagulant agents, efficient and safe dosages, and the side--effects.
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**Abstract:** The most recent European guidelines and task force reports on hospital-acquired (HAP) and ventilator-acquired pneumonia (VAP) were published almost 10 years ago. Since then, further randomized clinical trials on HAP and VAP management have been conducted and changed old paradigms. The European Respiratory Society (ERS) launched a project to develop new international guidelines for HAP and VAP. Other European societies including the European Society of Intensive Care Medicine (ESICM) and the European Society of Clinical Microbiology and Infectious Diseases (ESCMID), were invited to participate, and appointed their representatives. The Latin American Society of Thoracic Diseases (ALAT) was also invited. A total of 15 experts and two methodologists made up the panel. Three experts from the US were also invited (Michael Niederman, Marin Kollef, and Richard Wunderink). Applying the GRADE methodology, the panel selected seven PICO questions which generated a series of recommendations for HAP/VAP diagnosis, treatment and prevention. The document also includes a supplement with practical advice for specific antibiotic management and recommendations for future research. The seven PICO questions and their corresponding recommendations are summarized below.

The first question was about the use of distal quantitative samples instead of quantitative proximal samples in patients with suspected VAP. The panel recommended the obtention of lower respiratory respiratory samples preferentially quantitative and distal in order to reduce antibiotic exposure and to narrow the initial antibiotic exposure

The second question was about what "low-risk patients" with suspected HAP or VAP could receive safely narrow-spectrum antibiotic treatment. The panel recommended the use of narrow-spectrum in patients without septic shock, no other risk factors for MDR pathogens and those who are not in hospitals with a high background rate of resistant pathogens (\>25%)

The use of monotherapy versus combination of antibiotics was the third question. The panel recommended the use of combination therapy in high risk HAP/VAP patients to cover Gram negative bacteria and meticilin resistant S.aureus (MRSA) in those patiens at risk (septic shock, hospital settings with high rates of multidrug-resistant microorganisms (MDR) (25%), previous antibiotic use, recent prolonged hospital stay (\>5 days), and previous colonization with MDR pathogens.

The duration of antibiotic treatment (7--10 days versus 14 days) was the fourth question. The recommendation of the panel was to use 7--8 days of antibiotic treatment in patients with HAP or VAP with a good clinical response to therapy (except those with immunodeficiency, cystic fibrosis, empyema, lung abscess or necrotizing pneumonia). This recommendation also includes patients with nonfermenting Gram-negatives, *Acinetobacter*, and MRSA with good clinical response. Longer courses of antibiotics may be needed in patients with inappropriate initial empiric therapy, and should be individualized to the patients clinical response, to the presence of pan drug resistant microorganisms (PDR), MRSA and bacteremia, and to the serial measuremet of biomarkers when indicated.

Using bedside clinical assessment with or without serial detection of biomarkers to predict outcomes and clinical response was the question number 5. The panel believed that performing routine bedside clinical assessment represents good practice. Clinical evaluation included aspect and volume of tracheobronchial secretions, white blood cell count, oxygenation and calculation of one or more scores such as CPIS, ODIN, SOFA, SAPSII, and APACHE II.

The sixth question was about the use of procalcitonin (PCT) blood serial measurements yes or not to reduce the duration of antibiotic HAP/VAP treatment. According to the evidence the panel did not recommend the use of serial serum PCT level to reduce duration of antibiotic course in patients with HAP/VAP when the anticipated duration is 7--8 days. Serial biomarker determination could be used in patients with initially inappropriate antibiotic therapy, severely immunocompromised, highly antibiotic-resiatnt pathogens (*Pseudomonas aeruginosa*, carbapnem-resistant *Acinetobacter* spp., carbapenem-resistant Enterobacteriaceae, and when using second line antibiotic therapy such as colistin or ttgecycline)

The last question was about prevention of VAP using selective oropharyngeal decontamination (SOD: antibiotics or chlorhexidine) or non absorbable antibiotics in the oropharynx and intestinal tract along with intravenous antibiotics (SDD). The panel decided not to issue a recommendation on the use of SOD with clorhexidine in patients requiring mechanical ventilation until more safety data become available, due to the unclear balance between the potential reduction in pneumonia rate and potential increase in mortality. Finally it was recommended the use of SOD (antibiotics), but not SDD, in settings with low rates of antibiotic resistant bacteria (5% threshold) and low-antibiotic consumption (\<1000 daily doses per 1000 admission days).

[Figure 1](#medsci-06-00013-f002){ref-type="fig"} shows the algorithm recommendation for the initial empirical antibiotic treatment.
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**Background**

Ventilator associated tracheobronchitis (VAT) is a common occurance in intubated mechanically ventilated patients. There is no gold standard definition of VAT, and this makes an accurate assessment of its prevalence difficult, though it is estimated to be between 0 and 15% in intubated mechanically ventilated patients. (Malacarne P, 2008; Bouza E, 2013; Martin-Loeches I, 2015). VAT has been defined differently in recent years. For the Centers for Disease Control (CDC) the definition of VAT in adult patients must meet the radiological criteria of absence of pneumonia in the X-ray and at least 2 of the following findings: fever (\>38 °C), cough, new or increased production of sputum, rhonchi and wheezing, or bronchospasm. In addition, a positive culture of bronchial secretions obtained by endotracheal aspirate (ETA) or bronchoscopic technique should be positive (Garner JS, 1988). More recently, an updated definition has been more commonly used. Along with an absence of pulmonary infiltrates on chest radiographs, a diagnosis of VAT requires the presence of at least two of the following criteria: body temperature \>38.5 or \<36.5, leucocyte count \>12,000 cells per uL or \<4000 cells per uL, and purulent endotracheal aspirates (ETA) or bronchoalveolar lavage (BAL). In addition, the VAT must be microbiologically confirmed by the growth of a potentially pathogenic microorganism in the ETA of at least 10^5^ colony-forming units (CFU) per mL, or with a BAL of at least 10^4^ CFU per mL (Malacarne P, 2008; Nseir S, 2008; Martin-Loeches I, 2009; Martin Loeches I, 2015). It is important to note that the combination of clinical findings and microbiological confirmation leads to a diagnosis of VAT, and not when they occur independently of one another. Issues continue to exist in relation to the diagnosis of VAT, and it remains to be seen if an accepted gold standard will emerge in the near future.

**Body**

It is increasingly recognised that a continuum exists between bacterial colonization of the lower respiratory tract, VAT, and ventilator associated pneumonia (VAP) (Nseir S, 2002; Craven DE, 2013; Nseir S, 2016). Colonization refers to the microbiological growth of potentially pathogenic microorganisms in tracheobronchial ETA or BAL samples, without evidence of local or systemic infection. VAT and VAP share common clinical findings, and are differentiated by the presence or absence of pulmonary infiltrates on chest radiographs. It is recognised that computed tomography or lung ultrasound are more efficient than chest radiography in detecting pulmonary infiltrates (Mongodi S, 2016). While this makes it difficult to make a differential diagnosis between VAT and VAP, it is important to recognise that they are different entities, even if they are in continuum.

VAT has been shown to prolong the duration of invasive mechanical ventilation, increase the length of ICU stay, and predispose to subsequent episodes of VAP, without an increase in mortality when compared to intubated mechanically ventilated patients without VAT (Nseir S, 2002; Nseir S, 2005; Karvouniaris M, 2013; Martin-Loeches I, 2015). In contrast, VAP is a well recognised independent risk factor for increased mortality (Heyland DK, 1999), and has been shown to carry a higher mortality rate compared to those with VAT (Nseir S, 2005). Immune factors are likely to play a role in determining whether a patient with VAT goes on to develop VAP. In a study of mechanically ventilated patients with VAP, patients showed a relative depression of genes involved in calcium signaling pathways, the complement system and cyclic adenosine monophosphate (Martin-Loeches I, 2012). Patients with VAP exhibit increased inflammation and worse outcomes than those with VAT, and this may be related to an immunosuppressed state (Martin-Loeches I, 2015). As a result, is important to ensure measures are in place to reduce the risk of VAT progressing to VAP.

The role of antimicrobial therapy in VAT continues to be a matter for debate (Torres A, 2005; Torres A, 2009). In a recent international survey of 288 ICUs in 16 countries, approximately half of respondents believed patients with VAT should be treated with antimicrobials (Rodriguez A, 2014). Observational studies suggest appropriate antimicrobial therapy has a beneficial effect in the management of VAT, with shorter duration of invasive mechanical ventilation, reduced length of ICU stay, and lower incidence of subsequent VAP (Nseir S, 2002; Nseir S, 2014; Martin-Loeches 2015). Two small randomised trials evaluated the impact of antimicrobials on patients with VAT. In a study of 43 patients with VAT randomised to either aerosolized antimicrobials or placebo, Palmer and colleagues demonstrated reduced incidence of subsequent VAP in those receiving antimicrobials, though there was no difference in ICU length of stay or mortality between groups (Palmer LB, 2008). In contrast, when comparing systemic antimicrobials versus placebo for the treatment of VAT, Nseir and colleagues showed a survival benefit in those receiving antimicrobial therapy (Nseir S, 2008). When these observational and randomised papers were subjected to meta-analysis, it was concluded that antimicrobial therapy for VAT, versus placebo or no therapy, is associated with lower incidence of subsequent VAP and a greater number of ventilator free days (Agrafiotis M, 2010). There was no demonstratable difference in length of ICU stay or mortality.

**Conclusions**

So, when not to treat VAT? In conclusion, the answer is to never not treat VAT. Antimicrobial therapy for VAT reduces the risk of subsequent progression to VAP, which may improve survival. There may also be benefits in relation to duration of mechanical ventilation and length of ICU stay. Potential survival benefit may be demonstrated as a greater number of studies are published. It is essential to correctly diagnose VAT and institute appropriate antimicrobial therapy. Inaccurate diagnosis or inappropriate antimicrobial therapy, including the treatment of tracheobronchial colonisation, should be avoided. In time, newer technology may allow us to diagnose VAT and VAP in more sophisticated ways (Douglas IS, 2015; Bos LD, 2014), and determine which patients may be at an increased risk of progression from VAT to VAP based on immunological factors. This may enable targeted therapy towards those patients with VAT at the greatest risk of progression to VAP, with improved survival and a minimal excess use of antimicrobials. In the meantime, it is essential to accurately detect, diagnose and treat all patients with VAT.
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**Abstract:** Hospital acquired pneumonia (HAP) and ventilator-associated pneumonia (VAP) are the most common complications of the hospital stay, accounting for 22% of all health care-associated infections in a multistate point-prevalence survey \[1\]. Despite our best efforts in prevention bundles, they often involve multidrug-resistant (MDR) germs, account for up to 50% of antibiotic prescription and have a negative impact on patient outcome, raising the average cost per patient stay and prolonging the length of mechanical ventilation and hospitalization \[2\].

The sub-therapeutic lung penetration of intravenous (IV) antibiotics and the need of prolonged antibiotic therapy is one of the basis of the spread of multi-drug MDR pathogens during VAP, favouring the selection of resistant bacteria \[3\]. For this reason, the use of aerosolized antibiotics was considered to optimize the delivery of antibiotics to the infection site, reducing systemic side effects \[4\]. Furthermore, the last ATS/IDSA guidelines suggest adjunctive inhaled colistin in patients with HAP/VAP caused by carbapenem-resistant pathogens or Acinetobacter species sensitive only to polymyxins (weak recommendation, low-quality evidence) \[5\]. In a recent study that took place in our ICU, we evaluated the effect of a combined aerosolized-IV colistin therapy versus IV colistin alone on the outcomes of microbiologically documented VAP caused by colistin-only susceptible gram-negative bacteria. Patients treated with the combined therapy had higher clinical cure rate and ventilator-free days, without any differences in all-cause ICU mortality, length of ICU stay or rate of acute kidney injury. Interestingly, eradication of the causative organism was also more common in the combined treatment group \[6\]. There are other studies about the use of the combined IV/aerosolized therapy that show improved clinical cure rate and a trend toward lower mortality, but a conclusive opinion about the efficacy cannot be stated because of the high level of heterogeneity. Different types of nebulizers are used and clinical and technical limitations cause suboptimal delivery of nebulized therapy (spontaneous ventilator modes, the presence of heat and moisture exchanges during the treatment etc.). Initial treatment with aerosolized antibiotics combined with IV therapy is therefore a promising treatment strategy that could improve clinical outcomes, but high-quality studies are warranted to become more confident in the effects of inhaled plus intravenous antibiotics \[7\].

Another weapon in the fight against HAP and VAP are the new released antimicrobials. In a recently published randomized controlled trial, Ceftazidime/avibactam was not inferior to meropenem, providing a potential future alternative to carbapenem in nosocomial pneumonia caused by Gram-negative pathogens \[8\]. Intensivists are still waiting for the publication of the TANGO-2 trial, a Phase 3 multi-center randomized open-label trial that evaluate the efficacy and safety of Meropenem-Vaborbactam compared to best available therapy (BAT) (NCT 02168946). The preliminary results of the study were presented at the IDWeek convention (in San Diego, CA, in October 2017; abstract 1867). A total of 72 patients with severe infections including nosocomial pneumonia were enrolled, 43 of them had a baseline Carbapenem-resistant Enterobacteriaceae. The trial was stopped prematurely for significant superiority in terms of clinical failure, nephrotoxicity and non-significant improvement of day-28 mortality of patients with HAP/VAP. Also Temocillin, a ticarcillin derivative that resists ESBL, can be used in the treatment of HAP/VAP but only as a step-down therapy for pathogens with MICs below 8 mg/L, confirming its potential application as a carbapenem-sparing agent \[9\].

Unfortunately, the number of new antibiotics released onto the market remains limited so there is the need of developing innovative approach for the management of MDR infections. In the future, a valuable complement to standard antibiotic therapy in treatment of HAP/VAP may be the passive immunotherapy. The clinical benefits of monoclonal antibodies (MAbs) has been established in several therapeutic areas and especially in patients with more severe disease as an adjunct to standard treatment. Therefore, a combination between antimicrobials and MAbs might lead to a more rapid resolution of infections, shorter ICU length of stay, decrease in mortality, morbidity and health care costs even if the cost of MAbs remain high.

Panobacumab is fully human monoclonal antibody of the IgM/κ isotype directed against the LPS O-polysaccharide moiety of P. aeruginosa serotype IATS O11. Its safety and efficacy has been demonstrated in humans \[10\]. A small phase IIa study about the use of this monoclonal antibody as complementary strategy of treating HAP was recently published, suggesting a potential efficacy in improving the clinical outcome of patients treated with this MAb \[11\].

Pagibaximab, a human chimeric monoclonal antibody developed against lipoteichoic acid (LTA), has been developed and successfully tested in a phase 2, randomized double-blind trial about the prevention of staphylococcal sepsis of preterm neonates \[12\]. No clinical studies regarding adult patients are available so far. There are also some interesting data about the development of fully human IgG1 MAbs that bind polysaccharide structures of different Gram-positive bacteria, making possible their elimination by antibody-mediated complement deposition and phagocytosis. The strong opsonizing activity was demonstrated against two different enterococcal and two different staphylococcal strains, including a MDR Staphylococcus aureus (MRSA) \[13\].

Passive immunotherapy with preformed monoclonal antibody allow an immediate protection of the patients, while active immunization requires often booster dosages because the host needs time to develop and produce its own protective antibodies. Therefore, the use of monoclonal antibodies (mAbs) could be advantageous because it enables prophylaxis of patients at particular risk, such as patients in intensive care units, patients after organ or bone-marrow transplantation, patients after implantation of foreign materials (e.g., artificial heart valves or artificial joints), or after chemotherapy. The proposed treatment and/or prophylaxis with a monoclonal antibody will probably complement rather than replace current treatment regimens and may act synergistically with antibiotic therapy.

Although promising, additional in vitro studies and better clinical trials are needed to establish monoclonal antibodies as therapeutic and/or prophylactic strategies against MDR pathogens. Additional evidences are required to understand the role of passive immunotherapy for treating severe infections, including HAP/VAP infections.
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New Antibiotics for Treatment of Severe Infections. Ceftazidime-Avibactam vs. Meropenem
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**Abstract:** Despite the implementation of intensive care bundles, the incidence of severe infections due to multidrug-resistant (MDR) pathogens has dramatically escalated over the last decade, becoming an independent predictor of initial inadequate antibiotic therapy and increased mortality among critically ill patients \[1\]. The most worrying emerging threats associated with antibiotic resistance are the gram negative (GN) pathogens included in the ESCAPE group (*Enterococcus faecium*, *Staphylococcus aureus*, *Clostridium difficile*, *Acinetobacter species*, *P. aeruginosa*, and *Enterobacteriaceae*), which represent a major challenge in the context of health care acquired infections \[2\]. Due to the shortage of effective therapeutic options, empirical treatment in this setting has been traditionally based on the rediscovery of old drugs, such as antipseudomonal β-lactams, fosfomycin, aminoglycosides and polymixins, often used in combination, with an increased risk of drug-related toxicity and emerge of new resistance \[3\]. The recent introduction in the antibiotic pipeline of new molecules with broad-spectrum activity against MDR species has enhanced the therapeutical alternatives for critical setting, where GN bacteria represent a serious threat \[4\]. Ceftazidime--avibactam is a novel agent combining a third generation cephalosporin (ceftazidime) and a β-lactamase inhibitor (avibactam), which has been demonstrated to inactivate a wide range of β-lactamases, including Ambler class A (ESBL and KPC), AmpC, and some class D serine beta-lactamases \[5\]. Ceftazidime-avibactam combination shows highly in vitro efficacy against cephalosporin-resistant *Enterobacteriaceae* and *P. aeruginosa*, while has a very limited activity against *A. baumannii*, other anaerobic Gram-negative rods, metallo-β-lactamases and *Acinetobacter* OXA carbapenemases \[6\]. Ceftazidime--avibactam has currently been approved by Food and drug Administration (FDA) and European Medicines Agency (EMA) for the treatment of complicated urinary tract infections (cUTIs), complicated intra-abdominal infections (cIAIs), hospital acquired pneumonia/ventilator associated pneumonia (HAP/VAP) \[7\]. Beyond the FDA-approved indications, ceftazidime-avibactam is also considered as an alternative agent for the treatment of GN infections when traditional agents are not available because of antimicrobial resistance, clinical failure, or toxicity \[8\]. Ceftazidime-avibactam shows an interesting bactericidal activity, a linear pharmacokinetics, similar efficacy and safety compared to carbapenems \[9\]. A prospective study (REPROVE study) has recently compared ceftazidime-avibactam activity versus meropenem for the treatment of nosocomial pneumonia, including VAP. More than 800 patients were included. The most commonly isolated pathogens were *K. pneumoniae* and *P. aeruginosa*, with 28% of ceftazidime non-susceptible stains. A successful outcome was achieved in 68.8% of cases treated with ceftazidime-avibactam, compared with 72.9% in the group treated with meropenem, The result of REPROVE study confirmed ceftazidime-avibactam non-inferiority to carbapenem, which represent one of the most commonly employed antimicrobial class in ICU \[10\]. Furthermore no differences in adverse event rates have been recorded between ceftazidime-avibactam and all tested comparators \[11\]. Currently no randomized trials have still been addressed to the role of ceftazidime-avibactam for treatment of carbapenem-resistant *Enterobacteriaceae* (CRE), although several reports suggest its efficacy in this setting, with overall success rates between 45% and 76% \[12\]. A recent multi-center, retrospective case series collected 60 cases treated with ceftazidime-avibactam for CRE infection from any source, 45% of which were pneumonia and 38% requiring mechanical ventilation. Overall result of this trial showed a rate of 53% of microbiological cure and 65% of clinical success, thus reproving ceftazidime-avibactam activity in severe CRE respiratory infections \[13\]. Of note that the development of resistance has already been described in patients who have received Ceftazidime-avibactam. However the relevance of this effect in clinical practice is still unclear \[14\]. In summary, we suggest that ceftazidime-avibactam can be an interesting treatment option in patients with nosocomial infections, or for empirical therapy in settings with critically ill patients with high rates of ESBL or CRE GN bacteria.

**References**

1.  Boucher, H.W.; Talbot, G.H.; Bradley, J.S.; Edwards, J.E.; Gilbert, D.; Rice, L.B.; Scheld, M.; Spellberg, B.; Bartlett, J. Bad bugs, no drugs: No ESKAPE! An update from the Infectious Diseases Society of America. *Clin. Infect. Dis.* **2009**, *48*, 1--12, doi:10.1086/595011.

2.  Peterson, L.R. Bad bugs, no drugs: No ESCAPE revisited. *Clin. Infect. Dis.* **2009**, *49*, 992--993, doi:10.1086/605539.

3.  Bassetti, M.; Righi, E. Development of novel antibacterial drugs to combat multiple resistant organisms. *Langenbecks Arch. Surg.* **2015**, *400*, 153--165, doi:10.1007/s00423-015-1280-4.

4.  Bassetti, M.; Welte, T.; Wunderink, R.G. Treatment of Gram-negative pneumonia in the critical care setting: Is the beta-lactam antibiotic backbone broken beyond repair? *Crit. Care* **2016**, *20*, 19, doi:10.1186/s13054-016-1197-5.

5.  Keepers, T.R.; Gomez, M.; Celeri, C.; Nichols, W.W.; Krause, K.M. Bactericidal activity, absence of serum effect, and time-kill kinetics of ceftazidime-avibactam against beta-lactamase-producing Enterobacteriaceae and Pseudomonas aeruginosa. *Antimicrob. Agents Chemother.* **2014**, *58*, 5297--5305, doi:10.1128/AAC.02894-14.

6.  Haidar, G.; Clancy, C.J.; Shields, R.K.; Hao, B.; Cheng, S.; Nguyen, M.H. Mutations in blaKPC-3 That Confer Ceftazidime-Avibactam Resistance Encode Novel KPC-3 Variants That Function as Extended-Spectrum beta-Lactamases. *Antimicrob. Agents Chemother.* **2017**, *61*, doi:10.1128/AAC.02534-16.

7.  Falcone, M.; Paterson, D. Spotlight on ceftazidime/avibactam: A new option for MDR Gram-negative infections. *J. Antimicrob. Chemother.* **2016**, *71*, 2713--2722, doi:10.1093/jac/dkw239.

8.  Connor, K.A. Newer Intravenous Antibiotics in the Intensive Care Unit: Ceftaroline, Ceftolozane-Tazobactam, and Ceftazidime-Avibactam. *AACN Adv. Crit. Care* **2016**, *27*, 353--357, doi:10.4037/aacnacc2016612.

9.  Carmeli, Y.; Armstrong, J.; Laud, P.J.; Newell, P.; Stone, G.; Wardman, A.; Gasink, L.B. Ceftazidime-avibactam or best available therapy in patients with ceftazidime-resistant Enterobacteriaceae and Pseudomonas aeruginosa complicated urinary tract infections or complicated intra-abdominal infections (REPRISE): A randomised, pathogen-directed, phase 3 study. *Lancet Infect. Dis.* **2016**, *16*, 661--673, doi:10.1016/S1473-3099(16)30004-4.

10. Torres, A.; Zhong, N.; Pachl, J.; Timsit, J.F.; Kollef, M.; Chen, Z.; Song, J.; Taylor, D.; Laud, P.J.; Stone, G.G.; et al. Ceftazidime-avibactam versus meropenem in nosocomial pneumonia, including ventilator-associated pneumonia (REPROVE): A randomised, double-blind, phase 3 non-inferiority trial. *Lancet Infect. Dis.* **2017**, doi:10.1016/S1473-3099(17)30747-8.

11. Mazuski, J.E.; Gasink, L.B.; Armstrong, J.; Broadhurst, H.; Stone, G.G.; Rank, D.; Llorens, L.; Newell, P.; Pachl, J. Efficacy and Safety of Ceftazidime-Avibactam Plus Metronidazole Versus Meropenem in the Treatment of Complicated Intra-abdominal Infection: Results From a Randomized, Controlled, Double-Blind, Phase 3 Program. *Clin. Infect. Dis.* **2016**, *62*, 1380--1389, doi:10.1093/cid/ciw133.

12. Bassetti, M.; Giacobbe, D.R.; Giamarellou, H.; Viscoli, C.; Daikos, G.L.; Dimopoulos, G.; De Rosa, F.G.; Giamarellos-Bourboulis, E.J.; Rossolini, G.M.; Righi, E.; et al. Management of KPC-producing Klebsiella pneumoniae infections. *Clin. Microbiol. Infect.* **2017**, doi:10.1016/j.cmi.2017.08.030.

13. King, M.; Heil, E.; Kuriakose, S.; Bias, T.; Huang, V.; El-Beyrouty, C.; McCoy, D.; Hiles, J.; Richards, L.; Gardner, J.; et al. Multicenter Study of Outcomes with Ceftazidime-Avibactam in Patients with Carbapenem-Resistant Enterobacteriaceae Infections. *Antimicrob. Agents Chemother.* **2017**, *61*, doi:10.1128/AAC.00449-17.

14. Temkin, E.; Torre-Cisneros, J.; Beovic, B.; Benito, N.; Giannella, M.; Gilarranz, R.; Jeremiah, C.; Loeches, B.; Machuca, I.; Jimenez-Martin, M.J.; et al. Ceftazidime-Avibactam as Salvage Therapy for Infections Caused by Carbapenem-Resistant Organisms. *Antimicrob. Agents Chemother.* **2017**, *61*, doi:10.1128/AAC.01964-16.

Improving Antibiotic Delivery for Pneumonia
===========================================

Ehrmann

Stephan

1

2

3

Médecine Intensive Réanimation and CIC INSERM 1415, CHRU de Tours, Tours, France.

Centre d'étude des pathologies respiratoires, INSERM U1100, Aérosolthérapie et biomédicaments à visée respiratoire, Université de Tours, Tours, France

CRICS-TriggerSEP European research network

**Abstract:** Pneumonia represents a very frequent infection among critically ill patients. Up to 20% of hospitalized patients with community acquired pneumonia develop severe disease, 10% are admitted to the intensive care unit and mortality remains as high as 30%. Uncontrolled inflammation contributes to sepsis and delayed clinical stabilization driving suboptimal outcome \[1,2\]. Ventilator associated pneumonia represents the most frequent nosocomial infection among critically ill patients, whereas the direct impact on mortality remains debated, morbidity is very high with increased lengths of stay, disease relapse and multidrug-resistant bacteria selection \[3\]. Notwithstanding numerous and important differences, severe community acquired and ventilator associated pneumonia share some common pathophysiologic features which leave room to improve antibiotic delivery in order to optimize patients' outcome. Among others, a high bacterial burden, poor antibiotic diffusion into the lung parenchyma, modified pharmacokinetics favoring low antibiotic drug concentrations or conversely drug toxicity and acute kidney injury driving increased concentrations, practical constraints for clinical and biomarker assessment of disease course all represent challenges for optimal antibiotic delivery. Choice of the antibiotic drug, administration dose and schedule, route of delivery, duration of therapy all represent potential opportunities for improvement. [Drug:]{.ul} Whereas the choice is limited to a few antibiotic drugs for empiric therapy of community acquired pneumonia, several options can be discussed when adapting therapy to causative bacteria such as the benefit of macrolide induced immune-modulation to alter Streptococcus pneumoniae induced inflammation \[3\], use of antibiotics targeting protein synthesis to alter bacterial toxin production. In the setting of nosocomial and healthcare associated pneumonia a large panel of antibiotic drugs may be considered based on patient history and local epidemiology of drug resistance. Aside of efficacy, antibiotic side effects need to be considered, the benefits and harms of nephrotoxic drugs may be discussed. [Dose and schedule:]{.ul} A large body of evidence shows that critically ill patients are at risk of insufficient antibiotic drug concentration at the site of action due to increased drug volume of distribution. Furthermore, limited diffusion of some drugs to the lung, the important bacterial burden and large infected tissue volume may further impede optimal drug concentration in the case of pneumonia. Despite the lack of gold standard exogenous glomerular filtration maker studies to investigate the phenomenon, some patients may experience glomerular hyperfiltration further reducing antibiotic concentrations. High doses of concentration dependent antibiotics and continuous infusion of time dependent antibiotics have been evaluated as means to improve pharmacokinetics/pharmacodynamics of therapy \[5\]. [Route:]{.ul} Given the challenge to achieve sufficiently high drug concentrations in the lung after systemic delivery, inhaled antibiotic administration has been the subject of intense investigations. Whereas it appears that antibiotics delivered as an inhaled aerosol enable to successfully treat pneumonia in ventilated critically ill patients, this practice currently lacks high level scientific evidence of benefit compared to standard intravenous therapy \[6\]. Given the spread of multidrug-resistant bacteria clinicians may face situations where inhaled antibiotic therapy as a complement or substitute to intravenous therapy may represent a suitable way to improve antibiotic therapy. However, inhaled antibiotic therapy implementation appears frequently suboptimal or even dangerous in observational studies of routine care \[7,8\]. To ensure optimal and safe aerosol delivery in ventilated patients, nebulizer placement, circuit setup, humidification, filter placement, ventilator settings all need to be carefully considered \[5\]. [Duration:]{.ul} After initial antibiotic therapy careful monitoring is required to ascertain patient reach clinical stability and cure. Reduced antibiotic therapy durations may be considered in some cases based on clinical and biomarker evolution such as C reactive protein or procalcitonin. Very short antibiotic therapy may be considered in patients with non-bacterial pneumonia \[9\]. Conversely patients showing therapeutic failure and/or nosocomial superinfection may require antibiotic escalation.
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**Abstract:** The discovery of antibiotics has been undoubtedly the most important one in medicine. Those compounds saved a huge number of patients, and more recently allowed determinant progresses in medicine like treatment of neonatal sepsis, development of neonatal and adult ICUs, transplantations, treatment of hematological disorders, bone marrow transplantation, antibioprophylaxis in surgery, to cite only a few. Resistance to antibiotics appeared very quickly after their discovery, as already mentioned by Fleming for penicillin. Many antibiotics from various classes were discovered over years, until recently. We have not been able to protect this precious treasure, unconscious of the risk, and certain that new antibiotics would be discovered forever \[1\]. Unfortunately no antibiotics from new classes were discovered in the last 20 years, and rather few are expected in the near future. In the meanwhile, resistance to antibiotics increased sharply in most countries, mostly but not only due to the over-consumption of those compounds. Some countries like Scandinavian ones, Iceland, The Netherlands were able to control the use of antibiotics, and kept over years a very low level of resistance \[2\]. Other factors are also very important. The transmission of resistant bugs, mostly via the hands, is a paramount factor, in both the hospitals and the community. The role of the environment is also important, although we do not know to which extent.

Since several years strong international actions have been implemented. Several NGOs are very active in this field (WAAAR, React, CDDEP, GARP, Antibiotic Action, APUA ...). Common actions between those NGOs have been also organized recently (CARA). International agencies have also set up very offensive programmes, in particular WHO, OIE, FAO, European commission, United nations, CDC, ECDC. Several countries have also very strong national programmes, in particular the USA, Germany, UK, France, Scandinavian countries, and several Asian ones including China. WHO is very logically the structure which has the natural power and duty to co-ordinate those different actions, but we can easily understand that it is pretty complex.

Europe has also very effective networks to follow antibiotic resistance (EARSS from ECDC) or antibiotic consumption (ESAC from ECDC).

We will see in the next few years if those international actions and programs will be effective, in order to reduce antibiotic resistance
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Introduction: It is the infection that occurs in a patient with an invasive device (for example a ventilator or a central catheter) that was used within 48 h before the start of the infection. Objectives: Present the infection rates adquired in the ICU of the Hospital Médico Quirúrgico de Jaén related to devices: intubation/mechanical ventilation (MV), urethral catheter (SU) and vascular catheter (CV) during the years 2014 and 2015. Methods: Incidence study, prospective and local level. The Controlled infections have been: pneumonias related to VM (N-VM), SU-related urinary tract infection (UI-SU), bacteremia secondary to infection of central vascular catheters (BS-CVC). The rates are expressed in incidence density (ID) per 1000 days of the risk factor and severity has been calculated with the severity scale APACHE II. The data has been obtained from the National Surveillance Study of Nosocomial Infection (ENVIN-HELICS). The results are presented for quantitative variables such as means and deviation standard and for qualitative variables as percentages for different categories. Results: 839 patients admitted to the ICU MedicalSurgical Hospital Complex of Jaén, consisting of 15 beds, during the study period. The average age was 61.01 (DE ± 15.33). 66.75% have been males. The basic pathology has been: medical (54.54%), coronary (34%), surgical (13.71%) and traumatological (1.67%). THE average APACHE II was 14.07 (SD ± 8.98). The average stay it is of 8.92 days (SD ± 13.16) and the overall mortality of 17.61%. The days of risk, number of infections and ID rates for infection are the following: N-VM: 5450 days of VM, 46 N-VM, 8,44 N-VM/1000 days of VM. IU-SU: 6594 days of SU, 38 IU-SU, 5,76 IU-SU/1000 days of SU. BS-CVC: 5589 days of CVC, 15 BS-CVC, 2.68 BS/1000 days of catheter Central venous. Conclusions: We have identified the rates of adquired infections in ICU during the years 2014 and 2015 of our hospital, what we allows us to compare our results with the data obtained Nacional level.

Changes in the Multidrug-Resistant Pattern in the Icu of a Tertiary Hospital in Spain in the Last Six Years
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**Introduction:** The increasing problem of antimicrobial resistence (AMR) in the intensive care units, constitutes a serius threat to public health of global reach, as the World Health Organitation (WHO), the European Centre for Disease Control and Prevention, and others national organizations have recently warned.

As the ANTARTICA (ANTimicrobiAl Resistance CriTIcal CAre) coalition has remarked in Brussels (Nov 2017), AMR is associated with increased mortality, increased costs, prolonged length of stay, and increased antibiotic use.

Multidrug-Resistant organisms (MDROs) are defined as those microorganisms, which are resistant to at least one agent in three or more antimicrobials, usually used in the treatment of infections caused by said microorganism. Such resistance must have clinical and epidemiological relevance.

**Purpose:** The purpose of this study was to identify and to describe the MDR map in our ICU and its evolucion among the last six years (from 2012 to 2017), as well as analyze several epidemiological and clinical factors associated.

**Methods:** This is a retrospective study including all patients admitted from from 2012 to 2017 in the ICU in a tertiary hospital in Jaén, Spain, by using the databases of the ENVIN-HELICS registry (we collected data from 1 April to 30 June of each year). Data concerning demographic characteristics and clinical history were collected from each patient. We analysed the MDR bacteria infection and colonization cases in our ICU, the results was compared with the data in Spain. We used the MDR pathogens cataloged as such by "Resistencia-Zero" project, wich are: *methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-resistant Enterococcus Faecium, extended-spectrum beta-lactamase-producing Enterobacteriacecae, carbapenem-hydrolyzing Gramm Negative Bacteria, Imipenem-R Acinetobacter Baumannii and MDR Pseudomonas Aeruginosa.* We do also analysed the percentage use of several antibiotics, as well as its possible association with resistance map changes.

**Results**: There were 786 patiens with infection by MDROs in these periods, of these, 68.57% were male. The length of stay in ICU was 8.11 days. The average age was 62.73 years, with an APACHE II average of 13.48. The global mortality in these patiens was 18.83%.

A situation of a very high rate of Imipenem-Resistant *Acinetobacter* was detected, we could say this is an *endemic* infection in our unit. This situation changes in 2016 when the number of cases decreases, although a high percentage of cases still persists in comaration with the data collected nationally. In the same year there was a marked increase in the appearance of *Enterobacteriaceae ESBL*, wich remains until now, being similar to the national registry. A decrease of more than 50% in carbapenem use is also detected this year (from 2012 to 2015 meropenem is used in 12% of infections, while in 2016 is used in 4.93% of the infections).

Our *MRSA* cases are anecdotal, and the frecuency of infections caused by this microorganism is much lower than in the rest of Spain.

Also noteworthy is the absence of Vancomicin resistant *Enterococcus.*

In 2017 *Carbapenem-R GN* makes its appearance on stage, a fact that we intent to analyse later. **201220132014201520162017*****MRSA***2 (9.52%)\*1 (10%)4 (22%)2 (5.51%)1 (4.5%)3 (20%)***Enterocc Vanco-R***000000***MDR-Pseudom.A***3 (14%)1 (10%3 (16%)4 (11%)3 (13%)1 (6.6%)***Acinetob. Imipenem-R***13 (62%)6 (60%)9 (50%)18 (50%)7 (**31%**)3 (**20%**)***Enterobact.(ESBL)***3 (14%)2 (20%)2 (11%)12 (33%)11 (**50%**)7 (**46%**)***Carbapenem-R GN***000001 (**6.61%**)Total211018362215(\* Percentages referring to the total of the different microorganisms responsible for MDR infections).

**Conclusions:** This study shows that in the last two years there has been a turnaround in the pattern of antimicrobial resistance in our intensive care unit, which consists in a drastic decrease in cases of *Acinetobacter* R infection, and an increase in infections by *Enterobacteriaceae ESBL* (the same data were found also in the national registry). We think it be related to a decrease use of carbapenem, as well as the aplication of selective decontamination of the digestive tract (SDD).

The frecuency of infections by the rest of the multidrug-resistant microorganisms analysed remains practically unchanged or with minimal changes over the years. It is remarkable the appereance in this year of *Carbapenem-R GN.* This is an alarming fact, wich we should analyse in the future. We consider that knowing own patterns, their changes and relationed factors is esential to prevent and control AMR, and may help to reduce the burden of MDR in the ICUs.

Could Thymoquinone Be the Panacea for Sepsis?
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**Introduction**

Despite many advances in critical care medicine, sepsis remains associated with high mortality rates in intensive care units. Thymoquinone is a naturally occurring small molecule, which has demonstrated plethoric pharmacological properties including anti-inflammatory, anti-oxidant and immune-modulatory activities.

**Objective**

The objective was to evaluate whether thymoquinone administration after the incidence of sepsis can potentially reduce systemic inflammation and improve animal survival rate.

**Methods**

Mice were treated with thymoquinone (1.0 mg/kg i.p.) and subsequently challenged with endotoxin or live *Escherichia coli*. Survival, organ function, vascular homeostasis and early-stage sepsis biomarkers including C-reactive protein (CRP), vascular endothelial growth factor (VEGF), and endothelial cell-specific molecule-1 (ESM-1 or Endocan-1) and inflammatory cytokines (TNF-α, IL-1α, IL-2, IL-6, and IL-10) were evaluated. The outcome of thymoquinone therapy on sepsis mortality was also assessed following a cecal ligation and puncture (CLP) procedure, a widely used and a clinically relevant model of sepsis.

**Results**

Animals treated with thymoquinone showed 80--90% survival rate and improved organ function compared to the control group. Thymoquinone treatment was associated with less nitric oxide (NO) production and lower oxidative stress along with adjusting vascular responsiveness, which is often dysregulated during sepsis and septic shock. There was a significant amelioration of the kidney and liver functions as well as tissue injury. Thymoquinone administration led to a reduction in the synthesis of sepsis-related inflammatory cytokines (TNF-α, IL-1α, IL-2, IL-6, and IL-10) and early stage biomarkers of the bacterial infection (CRP, VEGF, and ESM-1) with \~30--50% fall in their circulating levels.

**Conclusions**

The involvement of thymoquinone against sepsis or septic shock in the governance of its protective activity further support the need to develop it as a more effective therapy. Consequently, the time is probably appropriate to move thymoquinone from experimentation in the laboratory to clinical testing.

Critical Care Discharges: Improving the Governance and Quality of Clinical Handover via the Development of an Electronic Discharge Proforma and Integration with Electronic Healthcare Records
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**Introduction**

Patients leaving critical care areas tread a precarious clinical course and suboptimal clinical handover may lead to deficiencies in care following discharge from ICU/HDU. Electronic discharge summaries have been shown to improve the transfer of clinical information between teams and avoid preventable harm during this high risk event. The National Institute of Clinical Excellence (NICE) have outlined a set of key criteria for inclusion during handover of patients from critical care areas, stating that verbal handover should be augmented by a structured written summary and clinical plan. Anecdotally, the practice of hand-written discharge summaries from the ICU in our centre lacked some of these criteria and failed to reflect the complexity of care delivered, posing a latent risk to the safety of vulnerable patients during transfer from critical care.

**Objectives** (1)Audit the compliance of hand-written discharge summaries with NICE guidelines, specifically; Reason for admission and primary diagnosisSummary of admission, monitoring, investigations and managementSummary of patients awareness/family awareness of condition and treatmentPlan for ongoing treatment including; DrugsNutritionInfection statusLimitations of treatmentLines and drainsRisks post-discharge and re-escalation planDocumented verbal handover between ICU and receiving team(2)Devise a template for the completion of electronic discharge summaries and re-audit practice(3)Facilitate the integration of summaries with Northern Ireland Electronic Care Records (NIECR)

**Methods**

A retrospective audit was carried out (*n* = 20) to identify compliance with discharge standards outlined by NICE. A Plan-Do-Study-Act (PDSA) cycle was undertaken to ascertain the key parameters for inclusion in an electronic critical care discharge proforma and a novel discharge template was designed, circulated and embedded in practice to ensure trainees addressed previously deficient criteria. Liaison with clerical and management staff facilitated integration with electronic healthcare records. Discharge practice was then re-audited following the introduction of this template to compare adherence with discharge criteria.

**Results**

Overall quality of discharge summaries was improved, with increased documentation of previously deficient parameters. Documentation of nutritional status and plans for ongoing nutritional management (65% to 89.5%); limitations of care; predicable risks and plans for re-escalation; patients' awareness of condition and discussions with family members and ongoing infection risks were all improved (Table 1).

**Conclusions**

Quality, accessibility and traceability of clinical discharge summaries from critical care can be improved via a standardised electronic template, and may be further augmented by integration with electronic healthcare records. Overall, this facilitates improved transfer of clinical information to ward staff and subsequent improvement in the delivery of care. Local practice has been reorganised by this simple project, which is transferable to other hospitals where the discharge process has not been standardised.

Evaluation of Multiplex PCR in a Regional Hospital Center for Diagnosis of Ventilation-Associated Pneumonia
===========================================================================================================
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**Background**: Early availability of information on bacterial pathogens and their antimicrobial susceptibility is key for the management of infectious disease. Currently, using traditional approaches, it usually takes at least 48 h for identification and susceptibility testing of bacterial pathogens. Therefore, the slowness of diagnostic procedures drives prolongation of empiric, potentially inappropriate, antibacterial therapies. Introduction of novel technologies such as molecular biology (PCR) has helped, reducing time to organism identification, optimizing antimicrobial therapy, and subsequently improving clinical outcomes, including mortality rates.

**Objective**: Evaluation of the pertinence of a rapid bacteriologic diagnosis using multiplex PCR Unyvero HPN assay (Curetis^®^) in ventilation associated pneumonia (VAP) in a regional hospital center.

**Material and Method**: This observational, prospective, monocentric trial included patients clinically suspected of VAP and Endotracheal Aspiration (ETA) or Broncho-Alveolar Lavage (BAL) was performed on each patient. Samples were analyzed through conventional microbiologic culture and multiplex PCR test. PCR results were not communicated to clinicians. Descriptive statistical analysis and χ2 tests were performed to evaluate concordance between the two methods.

**Results**: A total of 41 samples were included with 6 (14.6%) negative in both culture and PCR. 7 samples were concordant (ID and resistance mechanisms) between PCR and culture with a faster detection result for PCR. 18 samples were discordant due to reported organisms not being on the PCR panel including 15 contaminants such as coagulase negative staphylococci or Candida and 3 Hafnia alvei. Sequencing is currently ongoing for 3 samples containing bacteria not identified by PCR (Enterobacter cloacae, Proteus and Staphylococcus aureus) and 4 samples where resistance profiles are different. In 11 samples, PCR detected pathogens that were negative in culture because of a pre-existing antibiotherapy in these patients. Preliminary antibiotic courses had no significant impact on PCR results (*p* = 0.662).

**Conclusions**: The use of Multiplex PCR for the rapid diagnosis of VAP allows for an early adaptation of targeted antimicrobial therapy and better stewardship. It would be interesting to add additional pathogens to the panel such as H. alvei. Good knowledge of local trends in aetioly and resistance patterns remains important for accurate diagnosis.

![Empiric antibiotic treatment algorithm for hospital-acquired pneumonia \[HAP\]/ventilator-associated pneumonia \[VAP\]. MDR: multidrug-resistant, ICU: intensive care unit, MRSA: methicillin-resistant *Staphylococcus aureus.* ^\#^: Low risk for mortality is defined as a \<15% chance of dying, a mortality rate that has been associated with better outcome using monotherapy than combination therapy when treating serious infections (Kumar A et al., 2010). Reproduced from \[1\].](medsci-06-00013-g001){#medsci-06-00013-f002}

![Kaplan--Meier survival plot following *E. coli* (*n* = 12 mice per group). Mice were challenged with live *E. coli* and thymoquinone (TQ) was administered two hours after sepsis induction.](medsci-06-00013-g002){#medsci-06-00013-f003}

![TNF-α, CRP, Endocan-1, VEGF levels in *E. coli*-induced sepsis measured six hours after bacterial challenge in mice treated with thymoquinone (TQ; *n* = 10 mice per group; data is given as mean ± SEM). \* (*p* \< 0.05) in comparison with Normal Control; ^\#^ (*p* \< 0.05) in comparison with *E. coli.*](medsci-06-00013-g003){#medsci-06-00013-f004}
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###### 

Monitoring of fluid challenge.

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Pulse Pressure Variation\                                                                  Patient Should Be Sedated, Sometimes Paralyzed\
  STROKE Volume Variation                                                                    No Cardiac Arrhythmia\
                                                                                             No Low Lung Compliance\
                                                                                             No Low Tidal Volume
  ------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------
  Passive leg raising test                                                                   Tested against blood flow (preferred) or blood pressure changes

  End-expiratory occlusion test                                                              Patients should accept a 15 s pause in ventilation. Maybe invalid at a tidal volume of 6 mL/kg

  "Mini" fluid challenge: infusion of 100 mL of fluid.\                                      
  Sonography of heart and inferior vena cava (test respiratory variations) (skills needed)   
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

The first 4 techniques are validated by many studies and meta-analysis. All parameters are limited by sensitivity and specificity ranging from 75% to 95%. Pulse pressure variation 84% (75--90) sensitivity, 80% (78--96) specificity. Stroke volume variation 82% (74--92) sensitivity, 86% (79--93) specificity. Passive leg raising 88% (80--93) sensitivity, 91% (87--96) specificity.
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###### 

Cut off and "grey zone" for main parameters.

  Pulse Pressure Variation                                11 (4--15) mmHg
  ------------------------------------------------------- ------------------
  Stroke volume variation                                 13 (10--20) mmHg
  Passive leg raising (against blood flow)                11 (7--15) mmHg
  Inferior vena cava variation (controlled ventilation)   15 (12--21) mmHg
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  --------------------------------------------------- ------------- -------------
  **Audit Criteria**                                  **% (*n*)**   **% (*n*)**
  Reason for admission                                100 (20)      100 (19)
  Primary diagnosis                                   100 (20)      100 (19)
  Summary of admission, monitoring and management     100 (20)      100 (19)
  Summary of investigations                           90 (18)       100 (19)
  Summary of family discussions                       20 (5)        94.7 (18)
  A plan for ongoing treatment, including;                          
  \(a\) Drugs                                         100 (20)      100 (19)
  \(b\) Nutrition plan                                65 (13)       89.5 (17)
  \(c\) Infection status and plan                     60 (12)       94.7 (18)
  \(d\) Limitations of treatment                      30 (6)        100 (19)
  \(e\) Lines and drains                              85 (17)       100 (19)
  \(f\) Risks post discharge and re-escalation plan   70 (14)       100 (19)
  Documented verbal handover between medical teams    90 (18)       94.7 (18)
  --------------------------------------------------- ------------- -------------
